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Sharp, Clear Readings- 
WELCH STAINLESS STEEL TRIPLE BEAM TRIP-SCALE 


The use of Stainless Steel makes it possible to etch fine, 
distinct, easily read lines, which retain complete legibility 
for many years — strongly resistant to laboratory fumes. 


CAPACITY: 
1,610 grams 


1,756,292 
1,876,465 


SENSITIVITY: 
0.1 g. 


No. 4050 


@ COBALITE KNIFE EDGES @ AGATE BEARINGS 
e@ ACCURATE @ DURABLE 


@ STAINLESS STEEL BEAMS 
SPEEDY 


VITAL FEATURES x x 


particularly valuable, for the novice may learn on this com- 
paratively rough-weighing scale that the damping device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Stainless Steel 


The beam and all exposed parts are of stainless steel, which 
is practically noncorrodible by laboratory fumes. In fact 
these stainless steel parts have been placed in the following 
solutions for one month: Ammonium Hydroxide, Chromic 


Acid, Formaldehyde, Hydrogen Sulphide, Sodium Hypo- Covered Bearings 


sulphite, Nitric Acid, Sodium Chloride, Molten Sulphur, 
and Sulphuric Acid, and at the end of that period showed a 
total penetration of less than .0003” for any solution. This 
resistance of stainless steel insures for many years bright, 
clear, easily read scales, while the old designs with ferrous 
or nickel beams become unreadable in a comparatively 
short while. This exclusive advantage in the Welch balance 
will be appreciated by all laboratory directors. Because of 
the use of Stainless Steel, it-is: possible to have ‘fine, sharp 
lines, which are easily read. Every tiny screw, rivet or nut, 
in this balance is of stainless steel. 


Beam Arrest 


A beam arrest button is at the left end of the base thus 
providing for rapid, accurate weighing. This feature is 


The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife-Edges 


The knife-edges are hard, corrosion-resistant Cobalite, and 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in “extra-cost,”’ high-grade analytical balances. 
In industrial applications, the remarkable performance of 
this hard, corrosion-resistant material is well known. 
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Outlook 


VERYONE knows that the nuclear, or nucleonic, bomb (‘‘atomic’’ to you, 
perhaps) did much more than blast Hiroshima and Nagasaki sky-high. Its 
effects were not only physical, but even sociologic and political—and much more. 
The successful culmination of this ‘“‘project’’ will some day, perhaps, be recognized 
as the most important event in 1945, not excluding the fall of Germany and Japan. 
There are many ways in which we recognize that the success of a plan or an idea— 
whether it be the design of a gas turbine or the framework of an international 
union—is in its demonstrated ability to work. One of the basic tenets of our 
scientific philosophy is that a theory is true only to the extent to which it works 
in practice. The fancied antagonism between theory and practice is a complete 
misconception. A theory must be practical; if it isn’t, we abandon it. We have 
no other way of telling whether it is “true.” 

This idea—fundamental in scientific thinking—is a difficult one to comprehend. 
Students often fail entirely to do'so. And so much of modern physical science 
seems highly ‘theoretical’; many would call it impractical: the interconverti- 
bility of matter and energy summed up in the Einstein equation; little white 
tracks on a photographic plate, which someone says indicate electrically neutral 
particles very much smaller than atoms; the reported discovery of traces of barium 
and krypton in uranium which has been put in the right place, which according to 
someone’s calculation indicates that relatively enormous quantities of energy are 
being generated by uranium; incomprehensible mathematical equations, which 
we are told are the only practical ‘‘models” of atoms we can hope for (What does 
the word “atom” mean, anyway? Indivisible, indeed!); atomic and sub-atomic 
particles which are described to us as sometimes waves in nothing, energy as some- 
times a vibration, sometimes a particle. 

All these tenuous conceptions, and many more, make up the substance of modern 
physica] science. Small wonder that it all seems to the untrained like the “‘ex- 
panding universe’’—going off in all directions before one has a chance to grasp it. 
Theoretical? Certainly. Impractical? Scarcely; not when we remember that 
every one of these strange ideas was part of a great jig-saw puzzle, and the com- 
pleted picture of it was the prophecy that hitherto untapped sources of energy 
could be made available. ‘‘The proof of the pudding is in the eating.’’ And what 
a pudding it turned out to be! 

No longer need we apologize for the intangible character of physical theory. 
There was nothing intangible about its application! We may sincerely hope that 
this particular application need never be made again, but less devastating forms 
of it are bound to become common from now on. 

Science pursues a course through uncharted territory, and we need a landmark 
now and then to reassure us that our heading is true. THE Boms was such a land- 
mark. Fortunately, this use of it is not subject to regulation by Congress. 
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BERTHOLLET 


ERTHOLLET’S ancestors migrated into Upper 

Savcy from the Protestant region of the Pyrenees. 
They were Catholics and probably found conditions in- 
tolerable during one of the religious wars that plagued 
France for so long. Berthollet’s grandfather lived at 
Annecy at the end of the seventeenth century His 
son, Louis, married Philiberte Donier and they lived 
at Talloire, where he was notary and chatelain. Their 
son, Claude Louis Berthollet, was born in this village 
on December 9, 1748. The house is now used as a 
combined town hall and school. 

The boy was studious and at the proper time was 
sent to college, first at near-by Annecy and then at 
Chambery. He chose medicine as his profession and 
received his degree at the University of Turin in 1770. 
After two years he decided he needed more education 
and went to Paris. He particularly wished to attend 
the courses of lectures on chemistry given by Roux, 
Bucquet, and Macquer. He had practically mo money, 
and no letters of introduction. Courageously he went 
to Tronchin (1709-81), the well-known Swiss phy- 
sician who was then practicing in Paris, and told his 
story. Tronchin was so impressed by the young doctor 
that he obtained for him an appointment as physician- 
in-ordinary in the household of Louis Philippe (1725- 
85). Duke of Orleans.! 

1 Nicolas Leblanc, the inventor of the soda ash process that 
bears his name, also was a physician. He was appointed Berthol- 
let’s medical colleague in this ducal household in 1780. His 
employer was Louis Philippe Joseph (1747-93), the future 
Philippe Egalité, who provided the funds for the soda ash factory. 
Berthollet and Leblanc attended Darcet’s lectures together. In 
1795 Berthollet suppo-ted Leblanc’s claim for compensation for 
his factory, which had been seized by the Committee of Public 


Safety in 1794. See R. E. OrsperR, THIS JOURNAL, 19, 567 
(1942); 20, 11 (1948). 
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University of Cincinnati, Cincinnati, Ohio 


He was assigned to the service of Madame de Mon- 
tesson, whom the Duke had just married secretly. 
The Dukes of Orleans for several generations had 
actively encouraged and sponsored scientists, expecially 
chemists. Berthollet’s employer gladly placed the 
laboratory at his residence (Palais Royal) at the dis- 
posal of the young physician-chemist. 

By virtue of his position, Berthollet was allowed to 
practice without meeting the usual requirement of se- 
curing a medical degree at Paris; however, he pre- 
ferred not to take advantage of this exemption, and in 
1779 satisfactorily defended his doctorate thesis, De 
lacté animalium médicamentose. In this he tried to 
prove, without much success, the passage of mercury 
into the milk. He had already made some studies and 
compiled some notes on tartaric, sulfurous, and nitrous 
acids. These were published in 1776 in a little book, 
which has now become extremely rare. In this ‘“‘Ob- 
servations sur lair,’ which was written entirely from 
the phlogistic standpoint, he stated: ‘‘It is probable 
that all vegetable acids are equally due to fixed air 
(carbonic acid) differently combined,” and, “‘fixed air 
is thus abundantly found in the three kingdoms, and 
it enters to a great extent into the composition of ma- 
terials.” This, of course, was written long before 
there was any indication of the future developments of 
organic chemistry, to say nothing of the function of the 
CO2H group. 

In 1778, Barthollet married Marguerite Baur. She 
proved an ideal companion and is worthy to be listed 
along with such outstanding chemists’ wives as Mes- 
dames Lavoisier, Pasteur, Berthelot. 

Berthollet published various papers in 1780. Among 
these was his ‘‘Researches on the nature of animal sub- 
stances and their relations to vegetable substances.’”* 
Here can be found the beginnings of a rational view of 
organic materials and the cycle of the elements in 
living matter. He was acquiring a reputation in 
scientific circles and was one of that distinguished group 
that gathered at the home of Lavoisier to discuss science 
and to witness experiments. On April 21, 1780, Ber- 
thollet was elected to the Royal Academy of Sciences, 
succeeding his teacher, J. B. Bucquet (1746-80), as ad- 
junct chemist. He was advanced to associate in the 
class of chemistry and metallurgy when the Academy 
was thoroughly reorganized on April 23, 1785. La- 


2 Mémoires de l’Académie des Sciences, for 1780, p. 120. 
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voisier was made treasurer of the Academy in Decem- 
ber, 1791, and his place as pensionnaire chemist was 
filled by the promotion of Berthollet (January 20, 1792). 
The Academy was abolished in August, 1793, by the 
revoluticnaries who sought to wipe out all traces of the 
‘ormer royal régime. The Institut de France was es- 
tablished in October, 1795, to take the place of the 
‘ormer Academies, and the first class was assigned to 
che sciences. Berthollet was named resident member 
of the chemistry section by a decree issued on Novem- 
ver 20, 1795. He was president of the class for the 
first semester, 1800-01. 

During his first investigation, Berthollet had on 
several occasions distilled alcohol over fixed alkalies. 
Invariably, he obtained volatile alkali (ammonia), but 
ne did not know that it came from contaminants. To 
build an erroneous theory on this formation of am- 
monia would have been quite easy. Fortunately, 
Lavoisier persuaded him to delay publication of his 
work and directed him into a path which led Berthollet 
to one of his best discoveries—the composition of am- 
monia. In 1781 he published three papers on the de- 
composition of nitrous acid, but the phlogistic theory 
led him into an error which was not cleared up until 
Lavoisier’s theory of combustion established the true 
composition of this acid. Cavendish saw things more 
clearly, and in 1785 he wrote to Berthollet, telling him 
of what he had found. By the very next courier Ber- 
thollet sent Cavendish the analysis of ammonia, which 
he had just presented to the Academy. In 1786 Ber- 
thollet wrote: 


Messrs. Priestley and Van Marum have converted gaseous 
alkali into inflammable gas by means of electricity; on the other 
hand Messrs. Scheele and Bergman have observed that vola- 
tile alkali is decomposed by the calces of gold, mercury, and man- 
ganese. By means of this decomposition they have obtained 
from it a phlogisticated air, but without determining whether it 
was simply given off by the volatile alkali or whether it was a 
product of its decomposition; however, they think that whenever 
a material attracts phlogiston, which is one of the constituent 
parts of volatile alkali, this species of gas is obtained. Mr. 
Kirwan, in his notes on Scheele’s ‘‘Treatise on Air and Fire,’’? 
likewise states that gold calx removes phlogiston from volatile 
alkali and that it suddenly forms a species of air, which, in virtue 
of its properties discovered by Scheele, is a phlogisticated air 
(nitrogen). I have tried to determine with more exactness the 
elements of volatile alkali... . I used vital air and volatile 
alkali in the proportion in which they are present in gold calx 
and fulminating gold, respectively, to determine, by the quantity 
of water which must have been formed in the detonation, the rela- 
tion of the inflammable gas to the mephitic gas in the volatile 
alkali. By this method of approximation I believe that I have 
been able to show that volatile alkali contains two-thirds of in- 
flammable gas by volume; however, since then I have used a 
method that is more direct and more exact: 1.7 cubic inches of 
alkaline gas when decomposed yielded 3.3 cubic inches of gas. 
This quantity, which I have determined with all possible care, 
and applying to it the necessary corrections, is almost a third 
smaller than that given by Mr. Priestley, and it is a little larger 
than that of Mr. Van Marum. I exploded four measures of this 
gas with an excess of vital air in the eudiometer of Mr. Volta, 
and this experiment showed that this gas contains 2.9 of inflam- 


3 SCHEELE, C. W., ‘‘Chemical Observations and Experiments 
on Air and Fire,’’ translated from the German by J. R. ForsTrEr, 
to which are added notes by RICHARD KIRWAN. London, 1780. 
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mable gas of water and 1.1 of mephitic air. In this calculation I 
used the figures for the inflammable gas and vital air which enter 
into the composition of water as given in the paper by Mr. 
Monge (1783), that is to say, 145 measures of inflammable gas 
against 74 of vital air. If it is assumed that the weight of meph- 
itic gas is to that of inflammable gas as eleven to one, the 
weight of mephitic gas contained in the volatile alkali is to that 
of the inflammable gas as 121 to 29.... Mr. Priestly, from 
several experiments which are discussed in his books, at the end 
of a volume which has just appeared, has*drawn the conclusion 
that volatile alkali is composed of inflammable gas and phlo- 
gisticated air or mephitic gas, although the theories adopted in this 
volume seemed to make this simple conclusion improbable. 
Perhaps this illustrious scientist could have cited my analysis, 
which I announced in the paper that appeared in the Journal de 
Physique of May of last year, and which I communicated espe- 
cially to the savants of the Royal Society, even before I had read 
my paper before the Academy of Sciences on June 11, 1785.4 


The year 1785 was particularly fruitful, and it marks 
an important event in Berthollet’s career. It was then 


4 Berthollet’s son, Amadée, probably at his father’s suggestion, 
repeated the analysis. His results were reported to the /nstitut on 
March 24, 1808. He found that the decomposition of 1 volume 
of ammonia gas yielded 2.046 volumes of a mixture that contained 
1.545 volumes of hydrogen and 0.501 volume of nitrogen. From 
these he calculated that ammonia contains 81.13 per cent nitro- 
gen and 18.87 per cent hydrogen. The corresponding modern 
values are 82.83 per cent and 17.76 per cent. 
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that he formally renounced the phlogistic hypothesis 
and accepted the Lavoisier doctrines. About this time 
he also wrote his famous paper on dephlogisticated 
marine acid, which was published April 6, 1785. This 
gas, which is now called chlorine, was discovered in 
1774 by Scheele. He prepared it from salt, sulfuric 
acid, and manganese dioxide. He considered it to be 
marine acid minus phlogiston, or, since to him phlogis- 
ton was the same as hydrogen,-as marine acid minus 
hydrogen. Berthollet became interested in this gas, 
but this time he was led into error by following La- 
voisier’s ideas. The French school believed that every 
acid contained oxygen. Muriatic acid was taken as the 
oxide (MuO) of an hypothetical element murium 
(Mu), and hence oxidized muriatic acid was believed 
to be MuO,. Berthollet found that a solution of the 
gas in water on exposure to light releases oxygen and 
leaves a solution of muriatic acid, a result which agrees 
with the foregoing notion. 

The elementary nature of chlorine was not established 
until many years later. Among others, Gay-Lussac 
and Thenard tried to detect the presence of oxygen in 
chlorine. For instance, they passed it over strongly 
heated charcoal. On February 27, 1809, they declared 
before the Institut: 

Oxygenated muriatic gas is not, in effect, decomposed by car- 
bon, and from this fact and others reported in this paper, it might 
be concluded that this gas is an elementary material. The 
phenomena that it exhibits can be explained well enough by this 
hypothesis; however, we do not endeavor to defend it because 
it seems to us that they can be explained still better by regarding 
oxygenated muriatic acid as a compound. 


Francois René Curandau, a now forgotten chemist 
and pharmacist, wrote a paper entitled, “General con- 
siderations on the properties of oxygenated muriatic 
gas followed by experiments which prove that this gas 
does not contain oxygen.’’ This essay was read before 
the Institut on March 5, 1810, and referred to a com- 
mittee. They were not impressed and recommended 
against publication. The report, written by the chair- 
man, Deyeux, and also signed by Guyton de Morveau, 
Vauquelin, and Chaptal, contained statements that 
Curandau believed to be erroneous and couched in dis- 
courteous fashion. He thereupon had his paper, to- 
gether with the report, printed at his own expense. It 
was published at Paris in 1810, by Colas, Rue de Vieux 
Colombier. Unfortunately, this pamphlet is extremely 
rare and not accessible; it would be interesting to re- 
view the author’s experiments and discussion. In pre- 
vious papers Curandau claimed to have proved that 
phosphorus and iron are not simple substances, and he 
reported that he had prepared them from materials 
that did not contain their essential principles. His 
work was repeated by a committee, headed by Deyeux, 
who found that the bone black used contained both 
iron and phosphorus. Curandau admitted his mis- 
take. 

We assume that M. Curandau will not again turn his attention 


to very difficult problems which he believes he had solved with 
success, but in any case, we urge him to exercise more rigor in 
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any studies that he wishes to submit to the judgment of the class 
[Ann. chim., 68, 94 (1808)]. 


Davy, who is credited with the final proof of the 
elementary nature of this gas, outlined his tentative 
views before the Royal Society on July 12,°1810, and 
on November 15, 1810, definitely declared: 


Few substances, perhaps, have less claim to be considered as 
an acid than oxymuriatic acid. May it not in fact be a peculiar 
acidifying and dissolving principle, forming compounds with 
combustible bodies, analogous to acids containing oxygene or 
oxides? On this idea muriatic acid may be considered as having 
hydrogene for its basis, and oxymuriatic acid for its acidifying 
principle. 


He then proposed the name, “chlorine,” because of 
the color of the gas. Jagnaux wrote: 


Gay-Lussac and Thenard were pupils of Berthollet, Fourcroy, 
and Chaptal. For them the theories of Lavoisier were a second 
religion. Davy had nosuch respect. 


However, in 1814, after the discovery of iodine, 
there was no longer any doubt, and Gay-Lussac and 
Thenard embraced the new view. They, however, 
emphasized that in 1809, and prior to Davy, they had 
offered the same idea, but had acceded to Berthollet’s 
wish to announce it with great reserve. “It is easier 
to discover a new truth, than to acknowledge an old 
error.” 

During his study of chlorine Berthollet paid partic- 
ular attention to its bleaching properties, which had 
been discovered by Scheele and Bergman. He showed 
that fixed alkalies aided this action, which he attributed 
to the oxygen that he supposed to be contained in the 
gas. The alkaline solutions were easier to handle than 
the gas or its water solutions. 


The changes which the gas produces depend, therefore, on the 
fact that the dephlogisticated air combines with the colored por- 
tions more or less readily and to a greater or less extent.... I 
hope that these latest experiments may contribute to the progress 
of the arts. ... In general, dephlogisticated marine acid pro- 
duces in several moments, or at most in several hours, effects 
that the air can produce only after a long time. Thus, cloth 
which has remained for several hours in the indicated proportions 
of dephlogisticated marine acid and of fixed alkali has taken on a 
white equal to that which can be given to it by exposure to the 
air used in ordinary bleaching. 


This marked the beginning of the hypochlorite and 
bleaching industry. Berthollet never dreamed of 
making any money from it. He freely disclosed his 
processes and encouraged others to make use of his 
discovery. He gave all possible assistance to his as- 
sistant, Bonjcur, who wished to start a bleachery at 
Valenciennes in partnership with Constant, a cloth 
finisher. He aided Welter in the same friendly fash- 
ion. Gay-Lussac and Berthollet’s son had a chlorine 
bleachery for awhile at Arcueil. 

5 Bonjour (1754-1811) lost his money during the Revolution. 
In 1795 Berthollet secured a scholarship, paying 1200 francs, for 
him at the Ecole Normale Supérieure. This help kept him going 
during the inflationary period that followed the Revolution. 
Eventually Bonjour was appointed professor at the Ecole centrale 
du Panthéon; he was a member of the Commission of Powder and 


Saltpeter, and the Council of Arts. He translated Bergman’s 
“Treatise on Chemical Affinities.” (Continued on page 161) 
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Bonjour requested the authorities to grant him for a 
pericd of two years an exclusive license to use the 
Berthollet process in the territory measuring six miles 
around Valencienries and Cambrai. There was to be 
no interference with the established meadow bleach- 
eries, nor with any other process, provided it did not 
make use of oxygenated muriatic acid. The bleachers 
feared the competition of the new method, and their 
protests, along with the incomprehension by the authori- 
ties, prevailed. Berthcllet, who of course had sup- 
ported Bonjour’s request, then wrote to the Bureau of 
Commerce. In this letter of July 30, 1788 he said: 


Certain persons, whom I do not have the honor of knowing, 
have come to believe that I have a silent interest in M. Bonjour’s 
business. If I had planned to use this process to make money 
for myself, would I have not kept it secret? Messrs. Watt and 
Boulton, who have been called to Paris by M. de Calonne, wit- 
nessed my demonstrations, and then proposed that an exclusive 
licence be sought in England, so that we could form a partner- 
ship to set up vast establishments for which they offered to sup- 
ply allthe funds. They were quite astonished to see me reject a 
proposal, which promised to bring me a considerable fortune. 
For myself, in case the process shows some success, I ask only 
recognition of the efforts that I have expended over a period of 
more than two years to perfect all its details.® 


Some time later, Watt wrote to Berthollet that he and 
a Mr. McGregor, who had bleaching fields near Glas- 
gow, bleached 500 pieces of cloth by the new process. 

Sir William Alexander, in the first Tennant Memorial 
Lecture (1943) states: 


He (Berthollet) was the first toattempt the taming and harness- 
ing of this intractable, truculent, and highly poisonous element. 
He first tried bleaching fabrics by the direct application of the 
gas, and he read a paper on the subject before the French Acad- 
emy in 1785. The process proved a failure in practice as control 
was not achieved and the noxious properties of the gas made it 
intolerable to the workers. Further, the fabrics were themselves 
attacked and rotted. Berthollet’s paper was brought to Scot- 
land by the Duke of Gordon and Professor Copland of Aberdeen, 
and it is possible that a copy came into the hands of Charles 
Tennant at that time. . . .Berthollet went on to test the use of a 
solution of chlorine in water, and the liquor obtained by the ac- 
tion of chlorine on alkaline lye, to which was added potash or 
chalk. The alkaline hypochlorite so obtained was found to give 
controllable results in the bleaching of fabrics, and it was pro- 
duced at the Javelle Works near Paris and known as ‘‘Eau de 
Javelle.’’ The first application we owe, in the words of Hum- 
phry Davy, “‘to the sagacity of Monsieur Berthollet’”’... James 
Watt was in Paris at the time of the Eau de Javelle experiments, 
and Berthollet informed him of his work and its results. Watt 
took the information to Scotland... Charles Tennant, aware of 
the impossibility of using chlorine gas directly, as of the draw- 
backs attached to the use of Eau de Javelle, set himself to dis- 
cover a method whereby more complete control of the new power- 
ful bleaching agent could be obtained. He had used milk of 


J. J. Welter (1763-1852) collaborated with Berthollet and 
especially with Gay-Lussac. He invented the ‘‘Welter’s safety 
tube’’ for closed tube reactions; he was the first to isolate crystal- 
line picric acid (‘‘Welter’s bitters’) and point out its explosive 
properties. Among his numerous papers is one on the compounds 
of chlorine and lime. 

6 The complete text of the long letter, from which this extract 
is taken, is given in P. Lemay, “‘Berthollet et l’emploi du chlore pour 
le blanchiment des toiles,’’ Revue d’Histoire de la Pharmacie, No. 
78, June, 1932, p. 78. The original letter is in Dr: Lemay’s 
extensive personal collection of Bertholletiana. See also 
BERTHOLLET, Ann. chim., 2, 163, 173 (1789). 
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lime in bleaching operations and now thought of using it in the 
form of milk of lime in place of the stronger alkali for the prepara- 
tion of a bleaching liquor. This he did in 1788, and this was his 
first important success. The work of months was done in a few 
hours. ... The next and even more important step was the 
preparation of the new bleaching agent in a solid form by passing 
chlorine gas over dry slaked lime, and to this product Tennant 
gave the name of “‘Bleaching Powder.” 


In 1795 Berthollet published a definitive volume, 
“Description de l'art du blanchiment par l’acide muria- 
tique oxygéne.”’ In this he gave credit to his coworkers 
with the same readiness and lack of self-interest with 
which he had acknowledged the priority of Scheele in 
discovering the decolorizing properties of chlorine. 


But this art was in its infancy; it has been perfected above all 
by the efforts of Welter and Bonjour, who have been my collabo- 
rators, and who for several years have each had an establishment 
of his own. Aided by their abilities and experience, I am going 
to describe this art as it was left by them when the lack of ma- 
terials obliged them to abandon it. 


It was found that the saturated water solution of 
chlorine, which at first was used industrially, could be 
used with excellent results in the home. Thereupon, 
Macors of Lyons, a well-known imitator, and Bodeau 
of Grandcour, who claimed to be a pupil of Berthollet, 
lost no time in putting on the market a household 
bleach which they sold under the name, “‘Lessive Ber- 
thollet.’”" 

Even then a factory that belonged to the King’s 
brother, the Count of Artois, and situated on the Quai 
de Javelle, was putting out a laundry preparation made 
according to directions furnished gratuitously by 
Berthollet. 


I was asked to go to Javelle to demonstrate there the prepara- 
tion of oxygenated muriatic acid, and how to use it for bleaching. 
I had no trouble in showing this process, which I hope to see 
spread. I accordingly went to Javelle twice and carried out 
there the distillation of the oxygenated muriatic acid in the vessels 
that I took along, and I bleached several samples of cloth there. 

At this time I was still using a concentrated liquor, and on 
this occasion I mixed a little alkali with it. Sometime later, the 
manufacturers at Javelle published in different journals that 
they had discovered a special liquor that they called ‘‘Javelle 
liquor’? and which had the property of bleaching cloth by im- 
mersion for several hours. The change which they had made in 
the process which I carried out in their+ presence, consisted in 
putting some alkali in the water which was used to receive the 
gas. The result was that the liquor became much more concen- 
trated, so that afterwards it was possible to dilute it with several 
parts of water when using it. 


About 1782 Guyton de Morveau realized the need of 
reforming the nomenclature of chemistry and of adopt- 
ing an analytical language in which the name given toa 
substance would immediately and definitely disclose 
its real nature. Toward the end of 1786 he went to 
Paris and met with Lavoisier, Berthollet, and Four- 
croy. They agreed to collaborate in recasting the 


7 The Lemay collection contains a prospectus, dated Septem- 
ber 17, 1789, extolling the excellence of this solution. For details 
see his paper: ‘‘La lessive de Berthollet et l’eau de Javel,’’ in Le 
Courier Medical of July 13, 1933, p. 343. 
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terminology of chemistry. A table cf the proposed 
terms was presented before the Academy cf Sciences. 
Their suggestions, augmented by a scheme of chemical 
symbols proposed by Hassenfratz and Adet, were pub- 
lished in. 1787 in the now famous “‘ Méthode de nomencla- 
ture chimique.’’® The precise contribution of Berthol- 
let to this celebrated achievement is not known, but 
nevertheless he is always given credit for participating 
in it. 

This same year, he published a paper which was to 
create a sensation. In 1782 Scheele isolated a new 
compound from Prussian blue, and also from phlogis- 
ticated alkali (potassium cyanide). He believed that 
this material was the “subtle tinctorial matter’ of 
Prussian blue and thought it was composed of ammonia 
and carbonaceous matter; however, it proved to be the 
acid that had previously been isolated 
by Guyton de Morveau and described in 
his ‘‘Digressions académique’”’ (1772). In 
his ‘“‘Eléments de Chimie’ (1777) he wrote: 


There can no longer be any doubt of the exist- == 
ence of another animal acid in Prussian alkali = 
and in the blue iron precipitate, as we have ob- = 
tained from them a liquor that turns red paper T 
blue and causes an effervescence with alkalis; ) 
however, these experiments have not been carried S 
further. 


JourNAL OF CHEMICAL EDUCATION 


also studying sulfureted hydrogen, first prepared by 
Rouelle, Jr., and then by Scheele. It likewise was 
found to have the properties of an acid even though it 
contained no oxygen. Henceforth it was called hy- 
drosulfuric or sulfhydric acid. These oxygen-free 
acids were, however, quite weak, and the Lavoisier 
theory that an acid must contain oxygen was not seri- 
ously threatened by these exceptions to the rule. The 
dominant role of hydrogen in acids was not definitely 
established until Davy published his work on the hy- 
dracids in 1815. 

Berthollet was capable of carrying on several proj- 
ects concurrently. Thus, along with these other 
matters, he worked on explosives in 1785. In this 
year he presented before the Academy a theory con- 
cerning fulminating gold. This unstable combination 

of gold oxide and ammonia should not be 
confused with the real fulminates. He 
| showed that the explcsion is due to the 
sudden reduction of the oxide by the am- 
monia. Continuing these studies, he dis- 
covered fulminating silver and described 
its preparation and properties in 1788. 


= *e Gunpowder, even fulminating gold, cannot be 
| = compared with this new product. Contact with 


fire is required to make powder explode; fulmi- 
— nating gold has to be heated to a sensible degree 


Guyton de Morveau called it ‘‘prussic 
acid’”’ and ought to be considered as its 
real discoverer. Berthollet, who took up 
the matter again, allowed chlorine to re- 
act with Scheele’s product, and along 
with hydrochloric acid obtained a more 
volatile substance with a penetrating odor (chlorocyano- 
gen). This produced ammonia when treated with fixed 
alkalies. Reasoning from these findings and his knowl- 
edge of the composition of ammonia, Berthollet con- 
cluded in 1787 that prussic acid consists of carbon, 
hydrogen, and nitrogen, but contains no oxygen; how- 
ever, he was still cautious. 


These considerations are not a rigorous proof of the absence of 
oxygen in prussic acid, and a decision with respect to this should 
be held in abeyance. 


Two years later (1789) he made the categorical state- 
ment: 

It appears to me that there is no longer any doubt as to the 
composition of prussic acid except as to the proportion of its ele- 


ments, which I have not yet been able to determine. It is a 
If the com- 
position of prussic acid is considered, it seems to be not as close 
to that of the acids as it is to that of ammonia; however, it has 
too many properties in common with the other acids not to place 
it in the same class.’” 


The studies of Clouet, who succeeded in synthesizing 
this material, of Curandeau, and of Gay-Lussac, showed 
that Berthollet was correct and confirmed the revolu- 
tion that he had just brought about by his discovery of 
hydracids which are oxygen-free. He, at this time, was 


8 OESPER, R. E., THIS JOURNAL, 22, 290 (1945). 
® BERTHOLLET,; C. L., Ann. chim., 1, 38 (1889). 


4 -§ to fulminate it, whereas contact with even a cold 


Bertholet. 
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a object is enough to set off fulminating silver. In 
short, after this material has once been obtained, 
it may not be touched. Noattempt should be 
made to put it into a bottle; it must be kept in 
the open vessel where, by evaporation, it has ac- 
quired the terrible property. 


This same year (1788) Berthollet discovered potas- 
sium chlorate. He had regarded chlorine as oxygen- 
ated muriatic acid, but at the beginning of his account 
of the new product he expressed a doubt which, if 
followed up, might have set him on the right path. 


Dephlogisticated marine acid, or oxygenated muriatic acid, 
differs from other acids by a property which merits closer exami- 
nation than I have given it in this paper. It produces no effer- 
vescence with fixed and effervescent alkalis; however, I have ob- 
served that it forms a union with them, since it loses its color and 
its odor is greatly decreased and even changed. Oxygen, which 
in some instances confers acid properties on the base with which 
it combines, more generally seems to cause the substances with 
which it unites to enter more readily into combination with the 
alkalis. Does it present an exception in the case of muriatic acid, 
and does it, in this instance, depart from a law which seems to be 
a general one, or can it be that I have uncovered only a part of 
the phenomenon? 


However, he was not mistaken regarding the com- 
position of the new salt. 


It detonates with carbon. After the explosion, only muriate 
of potash is left. Thus this single experiment shows that it is 
composed of muriatic acid combined with oxygen and potash, and, 
in accord with the principles of the methodical nomenclature, I 
shall call it oxygenated muriate of potash. 


He described its preparation: 


I placed in a bottle a rather strong solution of caustic potash 
and allowed much oxygenated muriatic gas to passin. Consider- 
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able quantities of this gas combined readily. The liquid became 
turbid and an abundant precipitate was formed. Part of this 
deposit was the earth held in solution by the caustic alkali, but 
it also contained some small crystals of anewform. I evaporated 
the liquid. I recovered from it much potassium muriate or 
sal fébrifuge of Sylvius, and a small portion of a new salt. 


Berthollet found that when his new compound was 
heated, it released much oxygen, even more than niter, 


so that, he said, large quantities of vital air can be 


easily prepared from it. He described its crystal 
forms. He was astonished to find that its solution 
did not destroy vegetable colors, a marked contrast to 
the familiar bleaching effect of the liquor obtained by 
passing oxygenated muriatic acid into an alkaline solu- 
tion. He was unable to explain the fact that chlorate 
or hypochlorite are obtained by the same procedure by 
simply modifying the conditions of the preparation, 
especially the concentration. 

This oxygenated muriate was sometimes called 
“superoxygenated muriate.”” Its explosive properties 
had vividly impressed Berthollet, and he suggested to 
Lavoisier, director of the government powder works, 
that it might be used in place of saltpeter. . After some 
preliminary batches were tested at the Arsenal, it was 
decided to manufacture a larger quantity of this chlo- 
rate powder in the mill at Essonnes.. Every measure 
was taken to guard the workmen, and Lavoisier issued 
strict warnings about taking chances with this untried 
mixture. Nevertheless, Le Tort, the superintendent of 
the mill, went into the barricade and rashly used his 
cane to push down some of the material that was stick- 
ing to the sides of the mill. He and a Mlle. Chevraud 
were killed by the terrible explosion.'! In his report to 
the Minister, Lavoisier stated that this tragic event 
should not cause the new powder to be abandoned and 
offered to make further trials of its manufacture. The 
Revolution intervened and the idea was laid aside; 
however, the brisant properties of chlorate are too in- 
tense to allow its use in ordinary powder. It has been 
incorporated in the high explosives known as ‘‘ched- 
dites.’’ These mixtures of chlorate with nitronaphtha- 
lene or nitrotoluene can compete with dynamite, at 
least in bursting power. 

Berthollet, of course, devoted most of his thought and 
efforts to more peaceful objectives. When Macquer 
died in 1784, two posts were left vacant: the chair of 
chemistry at the Jardin du Roi (Museum) and the di- 
rectorship of the Gobelin dyeworks. Fourcroy, who 
was a far more eloquent speaker, was chosen for the 
professorship. Berthollet, whose talents were more 
along practical lines, was appointed to the second posi- 
tion. He remained keenly interested in this branch of 
public service for more than a quarter of a century. 
In 1791 he published his ‘‘Eléments de l'art de la tein- 
ture.”’ This work, in two volumes, was for many years 
a valued source of information for dyers. The man- 

10 DOBEREINER, J. W., Ann., 1, 236 (1832), discovered the 
catalytic action of manganese dioxide on this decompogition. 

11 Accounts of this accident on October 27, 1788, can be found 


in most biographies of Lavoisier. See, for instance, COCHRANE, 
J. A., “Lavoisier,’’ London, 1931, p. 108. 
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uscript was read by Lavoisier, Darcet, and Fourcroy, 
and this committee of the Academy recommended its 
publication. A second edition, bearing the names of 
Berthollet and his son, was issued in 1804.!2 This 
work constituted a real innovation and marked a capi- 
tal step forward in the dyeing industry, which hitherto 
operated on the basis of vague theories, empirical re- 
cipes, and secret procedures. Chaptal, a competent 
authority, dedicated his ‘‘Art de la teinture du coton en 
rouge’ (Paris, 1807) to Berthollet. He wrote: 


It was Bergman particularly, and after him Berthollet, who 
deduced all the phenomena of dyeing from some constant laws. 
They have brought this valuable industry back into the field of 
chemical affinities. It can truthfully be said that they have been 
the first to lay the foundations of the science of dyeing."® 


Berthollet himself acknowledged the debt owed to 
Bergman. He wrote: 


I believe that Bergman was the first to relate the phenomena 
of dyeing to chemical principles. ... This in fact is the proper 
way to view the phenomena of dyeing; they are veritable chemi- 
cal phenomena and ought to be analyzed like all those that depend 
on the action which materials exert by reason of their particular 
nature. Coloring matters have chemical properties which dis- 
tinguish them from all other substances: they have affinities that 
are peculiar tothem. By virtue of these affinities they combine 
with acids, alkalis, metallic oxides, with several earths, and espe- 
cially alumina. Frequently, they precipitate the oxides and 
alumina from the acids which hold these in solution. Under other 
conditions, they unite with salts to form super compounds which 
combine with wool, silk, cotton, and linen. Ordinarily, they com- 
bine with these latter materials through the medium of alumina 
or a metal oxide to form a compound which is much more intimate 
than that produced without this intermediate. 


He, cf course, was discussing mordants. Apart 
from the general chemical thecry and the particular 
study of various coloring matters, such as Prussian 
blue, indigo, etc., the use of mordants was the one phase 
of dyeing that he stressed most, “because it is through 
them that colors are chiefly varied. and given more 
brilliance, and fixed on the cloth, and rendered more 
durable.’’!* 

The Revolution was approaching, and during this 
troubled period Berthollet found himself entrusted 
with various tasks. His reputation as a competent 
scientist, his studies of explosives and of steels had made 
him a valuable man. The knowledge of the real na- 
ture of steel was fairly recent. The researches of Rea- 
mur and Bergman had shown that steel is intermedi- 
ate between wrought iron and cast iron and that carbon 
plays an important part init. In May, 1786, Vander- 
monde, Monge, and Berthollet presented a joint note 
to the Académie des Sciences. They concluded: 


Cast iron and chilled steel contain combined carbon, but there 
is also present a large amount which, being freed by the chilling, 


12 A translation of the first edition by W. HAMILTON was pub- 
lished in London in 1791 under the title ‘‘Elements of the Art of 
Dyeing.’’ The second edition was translated by ANDREW URE 
and appeared in London in 1824. 

13 “At the time of its publication, it exhibited a much better 
theory of dyeing, a better account of the practical part of the 
art than any work that had previously appeared.’’ THOMSON, 
T., ‘History of Chemistry,’’ London, 1831, vol. 2, p. 142. 

14 Lemay, P., ‘‘Berthollet et l’drt de teinture,’’ Revue d’ Histoire 
de la Pharmacie, March, 1935. 
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is disseminated throughout the mass and is not in combination. 
This is not pure carbon, it is graphite, which is prevented from 
collecting at the surface because of the quick cooling and the 
pasty condition of the metal. 


They had previously shown that the graphite of 
steels is actually a compound of iron and carbon. 


Accordingly, gray cast iron and steel, especially that which has 
undergone too much cementation, cannot be regarded as homo- 
geneous materials. They are both the result of solutions that are 
troubled by a preliminary cooling, and then hardened by a more 
intense chilling. 


Consequently, in 1798, Guyton de Morveau, in a re- 
port to the Jnstitut on Couet’s process of making steel 
by fusion was able to state: 

It is only twelve years ago that it was known definitely that it 
is carbon, in different proportions, that causes iron to appear as 
gray cast iron, white iron, or steel. This epoch is fixed by the 
publication of the work done in common by the citizens Vander- 
monde, Berthollet, and Monge. 


The next year (1787) Berthollet, accompanied by the 
Intendant of Commerce, made a trip to investigate 
this industry and to learn how it was being practiced. 
The technical report of this survey was published in 
1789 and bore the title, “Summary of a theory of the 
nature of steel and of its different kinds.”"* The three 
scientists collaborated again and in 1793 wrote a pam- 
phlet, ‘‘Instructions to iron workers on the manufacture 
of steel.’’ This was published by order of the Com- 
mittee of Public Safety because ‘‘we lack steel, which 
should serve to make arms destined to end the struggle 
of liberty against slavery.” 

Thus, at the beginning of the Revolution, the purely 
scientific activity of Berthollet was largely sidetracked 
in favor of matters of public service; however, in 
1789 he, along with Lavoisier, Guyton de Morveau, 
Monge, Dietrich, Adet, and Hassenfratz, started the 
Annales de Chimie. He assisted in editing the journal 
for many years, and his name appeared on its front 
page until 1817. Publication was suspended from 
1793 to 1797. Thereafter it has appeared practically 
without interruption and is now the oldest active 
chemical journal. 

In 1792 Berthollet was named one of the Commis- 
sioners of the Mint. His abilities were also enlisted to 


18 “« Précis d’une théorie sur la nature de l’acier et sur ses différents 
espéeces.”” The manuscript is in the Lemay collection. 


make studies relative to equipping the armies when the 
Republic was threatened by foreign powers. In this 
connection he gave a demonstration of great courage. 
The Committee of Public Safety was asking for a death 
sentence in the case of a contractor, whom they ac- 
cused of adding poison to some liquor intended for the 
troops. Berthollet’s analysis produced no evidence in 
support of this charge, and he so reported. Robes- 
pierre, who wished to have the man condemned, guilty 
or not, reacted violently. He said: ‘‘How dare you 
affirm that this brandy contains no poison? Are you 
quite sure of what you state?” ‘“‘Quite sure,” re- 
sponded Berthollet. ‘Are you willing to try this 
liquor yourself?’ Berthollet emptied a large glass. 
“You certainly are foolhardy,’’ exclaimed Robespierre. 
“Much less so now than when I was writing my re- 
port,” replied Berthollet. 

After the fall of Robespierre (July 27, 1794) Berthol- 
let was made a member of the Commission of Agricul- 
ture and Arts. In this capacity, together with L’ Heri- 
tier and Tissot, he published in 1795 a ‘‘General report 
on ponds.” He often had to struggle against the Con- 
vention, which was permeated with the desire to de- 
stroy everything that was reminiscent of royalty. He 
was able to save the park at Versailles, but the one at 
Sceaux was lost because the matter came up during one 
of his absences; however, there never was any doubt 
as to his republican sympathies. He willingly collab- 
orated in 1794 with Guyton de Morveau, Fourcroy, 
Monge, and Hassenfratz in writing some pamphlets, 
“Programs for the revolutionary course on the manu- 
facture of saltpeter, powder, and cannon.” 

The Republic needed organization and trained men 
in all its branches: army, administration, engineering, 
public instruction, etc. Lakanal!* therefore put a bill 
through the Convention in 1794 establishing some 
Ecoles normales, which were the forerunners of the fu- 
ture special schools, such as Normale supérieure, Poly- 
technique, Centrale de travaux publics, etc. Berthollet 
was appointed professor of chemistry in the Ecoles 
normales in November, 1794. Among his colleagues 
were Lagrange and Laplace, who taught mathematics, 
Hauy, physics, Daubenton, natural history. Berthol- 
let was a very poor speaker, but he gave a remarkable 
outline of chemistry in this course of 12 lectures.” 
This course included the first expression of Berthollet’s 
ideas on chemical statics. At the start he discussed 
affinity, or, to use his expression, “‘the principle of the 
intimate action of the molecules of materials.’’ In the 
fourth lecture he spoke of the chemical action of light; 
then in succeeding lectures he discussed the composition 
of water, the importance of carbonic acid, nitric acid, 

16 Joseph Lakanal (1762-1845), politician and educator, was 
a leader in reforming the educational system during the Revolu- 


tion. After Waterloo he came to America and was made presi- 
dent of the University of Louisiana. He returned to France in 
1834. 

17 The lectures were included in the six volumes published 
under the title, ‘““Séances des écoles normales recuillies par des 
sténographes et revues par les professeurs.’”’ These volumes, 
which are now quite rare, were designed to be issued to the stu- 
dents, the faculty, and also to the members of the Convention. 
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ammonia, chlorine, etc. Some remarkable notions as 
to the analogies between respiration and combustion 
can befound here. He accepted Crawford’s views: 


It seems to me to be incontestable, after considering the pro- 
gressive change undergone by the blood and the almost uniform 
distribution of heat in the various parts of the body, that the 
effect is produced successively and that animal heat ought not 
to be regarded as the result of a combustion occurring solely in the 
lung, but as a slow burning that takes place in the circulation. 


In the last lecture, he spoke of acidity in general, and 
opposed the then generally accepted connection between 
acidity and oxygen. He stated his theory of the hy- 
dracids, which grew out of his papers on prussic acid 
and hydrogen sulfide. 


spt setting up of a useful inventory for supplies 
and equipment in a small laboratory is one of the 
problems too often overlooked in the training of the 
chemistry teacher. An adequate inventory should 
give the person in charge of the storeroom, usually the 
teacher, a detailed picture of what is available, what 
has been requisitioned, and what has been purchased 
during an inventory period. 

Lack of funds and time make a simple, convenient 
method desirable. The inventory form illustrated in 
the accompanying photograph has proved helpful. 
The original skeletal form was mimeographed in order 
that uniform inventories would be available for chemis- 
try, physics, and biology. Standard legal size stencils 
and paper were used. The items and descriptions 
were then typed in the first column; equipment and 
supplies were listed separately. Three copies of each 
sheet were made in order that the teacher, the depart- 
ment head, and the administration office might have 
the inventory on file. The compiled sheets were 
held together by clips or rings. An inventory form 
which may be mimeographed on legal size paper is 
recommended. The form is for a six-year period, 
shows requisitions, purchases, and stock on hand for 
each year. 

The stock inventory requires relatively little time if 
the stock storage plan and the list of items correspond. 
The copying of the data is an unpleasant task but has 
proved more satisfactory than using carbon paper in 
keeping the three sets of records. No space is pro- 
vided on the form for information concerning the qual- 


(To Be Continued) 
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This is a matter on which I find myself not in agreement with 
the majority of other chemists. They believe that acidity is an 
attribute of oxygen, which has lost its elasticity by combining 
with a base. Accordingly, if a substance is acid, they conclude 
that it contains oxygen. 


The next year Berthollet published a second paper 
on hydrogen sulfide,"* but even then the oxygen theory 
of acids was not disestablished. It required the studies 
of Thenard, Gay-Lussac, Dulong, Davy, and eventually 
Graham and Liebig, to prove that acids are particular 
compounds of hydrogen, in which this element can be 
replaced by metals. 

18 BERTHOLLET, C. L., Ann. chim., 25, 233 (1796). 


19 Lemay, P., ‘Les legons de Berthollet aux écoles normales de 
VAn III,” Le Courrier Médical, June 24, 1935, p. 429. 


ity or condition of supplies from various sources, but ex- 
perience has shown that the teacher’s pencil notations 
on the sheet and the memoranda attached to invoices 
or catalogues compensate for this omission. 

The catalogue lists from the reliable supply houses 


£7) 


A SAMPLE SHEET OF AN INVENTORY ForM COVERING A SIX 
YEAR PERIOD 


are valuable guides in making the original inventory 
lists. It is advisable to leave spaces at strategic points 
so that items not originally on hand may be written in 
with the proper group. 

This inventory form has served as a useful device to 
the teacher who is making routine plans, to the person 
who is compiling orders, and especially to the new 
teacher who is attempting to use storeroom materials 
not familiar to him. 
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HE concept of entropy and its use in the under- 
standing of the second law of thermodynamics has 
always caused difficulty for many students of elementary 
physical chemistry. The development of thermody- 
namics usually begins by explaining the impossibility 
of perpetual motion with the aid of a number of imagi- 
nary machines. The conditions necessary for the opera- 
tion of real machines are then deduced and used to 
derive the second law. This completely negative ap- 
proach to the science of thermodynamics often serves 
only to increase the confusion of the student. 

A more logical approach to the second law was de- 
veloped in 1909 by Caratheodory! and later reviewed 
by Born.? They showed that the heat absorbed in a 
reversible change, dq, can be expressed by a Pfaff 
differential equation. As a result of their formulation 
of the second law of thermodynamics the absolute tem- 
perature T is an integrating factor of the equation and 
the entropy change, dg/T, becomes an exact differen- 
tial. The Pfaff equation is then used to develop some 
of the fundamental thermodynamic functions. The 
method of Caratheodory has two disadvantages: 
(1) The mathematical treatment is too advanced for 
most undergraduate college students; (2) the func- 
tion dg does not have the form of a Pfaff equation for an 
irreversible process, and consequently the method 
cannot be used for irreversible changes. 

Recently a formulation of thermodynamics in terms 
of intensive and extensive concepts of energy was pre- 
sented by Leaf.* This treatment predicts that entropy 
increases during thermodynamic changes and results 
in the deduction of a generalized form of the second 
law of thermodynamics, a generalization of the Carnot 
cycle, and in the derivation of Brénsted’s system of 
energetics. 

Since this treatment is simple and straightforward 
and overcomes the objections of classical methods, it 
seems to fulfill the need for a more logical approach 
to the second law. The following treatment, which is 
essentially a simplification of the method of Leaf, 
has been found by the author to be quite successful 
in the teaching of chemical thermodynamics. (The 
author does not propose that this treatment entirely 
supersede the classical method of Planck, since there 
is fundamental material of value even to beginning 
students that may be gained by a consideration of the 
efficiency of reversible heat engines and its relation- 
ship to the second law of thermodynamics.) 

A system may be any part of the universe which we 


1 CarRATHEODORY, C., Math. Ann., 67, 355-86 (1909). 
2 Born, M., Physik. Z., 22, 218-24, 249-54, 282-6 (1921). 
4 Lear, B., J. Chem. Phys., 12, 89-98 (1944). 
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may wish to consider. Actually, we shall consider a 
single phase for simplicity. The properties of a system 
depend on a few variables such as temperature, pres- 
sure, entropy, and volume. When these variables have 
definite values, the state of the system is defined. A 
thermodynamic pracess consists of the conversion of the 
system from one state to another. 

This definition leads to an important restriction on the 
treatment of thermodynamics—that it is impossible to 
treat a system while it is in transition between one state 
and another. This renders impossible the treatment of 
fluid flow, diffusion, heat conduction, reaction rates, 
or any other condition of flux where the system is not 
in a definite state. Thus thermodynamics will be re- 
stricted to static systems and conditions of equilib- 
rium. 

All forms of energy may be considered the product 
of an intensive factor and an extensive factor; there- 
fore, mechanical work or energy is equal to a force (in- 
tensive factor) times the distance (extensive factor) 
through which it travels. If, on the other hand, we 
take the force per unit area, or pressure, as the inten- 
Sive quantity, the extensive quantity becomes the 
change in volume of the system. Thus PdV is a meas- 
ure of mechanical work. The same holds for other 
forms of energy. For example, the change of electrical 


energy of a charged particle moving in an electrical It 
field is equal to the amount of charge on the particle of th 
(extensive quantity) multiplied by the difference of volui 
potential (intensive quantity) through which it moves. differ 
Similarly the electrical energy converted to heat in the funct 
flow of current through a resistance is the voltage drop 
(intensive factor) times the quantity of electricity (ex- Subs 
tensive factor) that flows. The same is true for heat § ° —_ 
energy. Here the temperature T is the intensive fac- 
tor, and represents the intensity of thermal energy, 
while the entropy S is the extensive quantity. Thus 
the increase of heat energy is equal to TdS, and the A 
increase in entropy of a system is usually defined by the J force 
equation: 
is 
syste 
Let us assume that our system is in a definite state. 
We shall also restrict our consideration to two kinds of 
energy, mechanical work and thermal energy. When § Com! 
energy enters the system against the prevailing inten- 
sity factors, the increase in energy of the system is given 
by the sum of the products of each intensity and the AY 
change in the corresponding extensive property. The the f 
increase in energy for an infinitesimal change is given - 
by the sy 


dE = TdS — PdV (1) 
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TdS is the increase of heat energy. Since expansion of 
ihe system against a pressure involves doing work, the 
product PdV indicates mechanical work done, or loss 
of energy; therefore, —PdV gives the increase of me- 
chanical energy of the system. 

Let us assume the system to be surrounded by an 
infinite reservoir of heat and mechanical energy. We 
are not concerned with interconversions in the surround- 
ings between the two forms of energy, and we shall 
use it merely as an energy reservoir. For the surround- 
ings of the system the increase of energy, dE’, is given by 


dE’ = T’dS' — P'dV' (2) 


According to the principle of conservation of energy, 
dE + dE’ = 0 (3) 


The energy gained by one is lost by the other. Sub- 
stituting, 


TdS — PdV + T’dS’ — P’dV' =0 (4) 


The increase of entropy, dS, of the system is due to 
the entropy, 5S, gained from the surroundings plus what- 
ever entropy may be produced within the system dur- 
ing the change. Since we are not concerned with 
interconversions of energy within the surroundings, 
we may consider that the increase of entropy of the sur- 
roundings, dS’, is due entirely to a transfer of ther- 
mal energy from the system; therefore, we shall not 
distinguish between dS’ and 6S’ for the surroundings. 

Since the entropy entering the system is the entropy 
leaving the surroundings, 


6S = —dS' (5) 


It must be emphasized that all of the volume increase 
of the system must be gained by an equivalent loss of 
volume of the surroundings. This is an important 
difference in the behavior of the entropy and volume 
functions: 


dV = —dV’ (6) 
Substituting, 
TdS — PdV — T'6S + P’dV =0 
TdS — T’8S = PdV — P'dV (7) 


A gradient of intensity function 7 determines the 
force on an element of the extensive factordV. If P is 
greater than P’, the volume of the system increases and 
dV is positive. If P is less than P’, the volume of the 
system decreases and dV is negative; therefore, 


(P — P’)dV 50 (8) 
Combining (7) and (8), 
TdS — T'S 5 0 (9) 


A gradient of the intensive function T determines 
the force on an element of extensive function 5S— 
that is, if T is less than T’, heat flows into the system 
and 6S is positive. If T is greater than T’, heat leaves 
the system and 6S is negative; therefore, 


(T — T&S 20 -(T 50 (10) 
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Adding (9) and (10), 
TdS — 50 


—(T.— T)%S 0 
TdS — T'5S — + T’6S 5 0 
TdS 5 TéS 
dS 5 6S (11) 


Equation (11) indicates that in any exchange of heat 
and mechanical energy between a system and its sur- 
roundings, the entropy gained by the system is equal 
to or greater than the entropy lost by the surroundings. 
The entropy function is always increasing. This is the 
fundamental statement of the second law of thermody- 
namics. 

At equilibrium between the system and its sur- 
roundings, JT = T’ and P = P’. Equation (7) be- 


comes: 
TdS — = (P — P’)dV 
Since P = P’, 
TdS — = 0 
T(¢@S — 8S) = 0 (12) 
Since the value of T is always greater than zero, 
dS = 6S (equilibrium) (13) 


According to equation (13) the entropy gained by the 
system is equal to the entropy lost by the surround- 
ings; therefore, at equilibrium there is no change in 
entropy. From (13) and (5) 


dS = —dS’ 
dS + dS’ = 0 (14) 


The total entropy increase when the system is in 
equilibrium with surroundings is equal to zero. When 
the system is not at equilibrium with its surroundings, 
T #T’. In that case equation (12) does not hold and 
dS is not equal to 6S; hence according to equation (11) 
dS > 6S. 

The conventional forms for the first and second 
laws of thermodynamics may be obtained by defining 
the function g, the heat absorbed, and w, the work 
done by the system. The heat absorbed is equal to the 
heat lost by the surroundings, and by equation (5) 


dq = —T'dS' = (15) 
The work done by the system on the surroundings is 
the increase of work energy of the surroundings, and by 
equation (6) 
dw = —P'dV' = P'dV (16) 
Rearranging equation (7), 
TdS — PdV = — P'dV 
Substituting in equation (1), 
dE = — P'dV 
dE = dq — dw (17) 
Equation (17) is the usual-form for the first law of 
thermodynamics and states that the increase of energy 


of a system is the heat absorbed minus the work done. 
Substituting equation (15) into (9), 
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dg = TdS (18) 


Substituting equation (16) into (8), 
dw = PdV (19) 


Equations (18) and (19) are the usual expressions 
for the second law of thermodynamics, 7. e., that the 
heat absorbed from the surroundings divided by the 
temperature of the system is equal to or less than the 
increase of entropy of the system, and the work done is 
equal to or less than the maximum work. 

At this point, if desired, the concepts of reversible 
(equilibrium) and irreversible (spontaneous ) processes 
may be developed more fully. 


New Interest in the Nitrogen Halides 
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SUMMARY 


The energy of a system is the sum of the various 
forms of energy present, each form being defined in 
terms of the product of an intensive function and an ex- 
tensive function. This method of treatment limits 
thermodynamics to consideration of systems in definite 
energy states. Using the law of conservation of energy 
and the fact that the gradient of each potential func- 
tion regulates the direction of flow of energy, the 
property of the entropy function of always increasing 
is derived. The behavior of the entropy function 
during equilibrium and nonequilibrium changes is de- 
duced, and the ordinary equations for the first and 
second laws of thermodynamics are derived. 


FRED W. SCHUELER 


NE of the most precious bits of information al- 

ways at the disposal of teachers in elementary 
chemistry for “‘lifting’’ potential chemists out of the 
vegetative state is a demonstration of that very inter- 
esting group of substances, the nitrogen halides. Asa 
rule the demonstration is preceded by a careful de- 
scription in hushed voice of how one of the first work- 
ers with these substances, P. L. DuLong (1), during 
the preparation of the yellow oil NCI; by passing Cl, 
gas into a solution of ammonium chloride, “lost three 
fingers and one eye,’’ yet still continued towork. This 
story not only serves very clearly the purpose of arous- 
ing amazing new interest in laboratory work but also 
emphasizes the great tenacity with which chemists will 
pursue their problems when once they have obtained a 
few ‘‘positive”’ results. 

The instructor may then plunge into the prepara- 
’ tion of nitrogen triiodide, explaining as he goes that the 
properties of NCI; are more neatly illustrated by using 
the related compound NI; (2) [or, more exactly, 
NI3-NHz; (3)] since this latter substance is a powder 
quickly obtainable by the reaction of concentrated am- 
monium hydroxide upon iodine crystals. It is pic- 
turesque to relate how this powder, when dry, will ex- 
plode violently with the treading of a fly over it; how- 
ever, the actual demonstration of this is not to be recom- 
mended in the light of the unobliging nature of these 
insects. A slight rap on the table usually suffices. 

An anticlimax will be the more technical description 
of the related compounds NBrs, a dense black oil (4), 
and improbable NF; (5). 

Precautionary measures may be described for the safe 
handling of these materials (6) though this great 
stressing of care may come to an embarrassing end un- 
less the instructor is familiar with some of the very 
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interesting but limited uses to which these substances 
have been put. 

One of the first attempts to utilize the nitrogen 
halides in synthetic chemistry dates back to Hentzchel 
(7) who was able to isolate trichloroaniline, methyl 
aniline, and trichloromethylaniline from a reaction 
mixture of benzene, NCl;, and aniline. This work was 
followed a decade later by Strecker (8) who investigated 
the reaction of NCl; upon Grignard reagents. Since 
Strecker reported only the isolation of ammonium 
salts, further research in this direction did not appear 
until Coleman (9) in 1925 carried out research with the 
action of NCI; (in CCl.) upon acetylene hydrocarbons. 
Coleman and his collaborators have, since this time, 
produced abundant evidence indicating the use of 
nitrogen halides together with the Grignard reagents 
in the preparation of primary and secondary amines 
(10). This very interesting work will, no doubt, lead 
to further research involving the use of these very reac- 
tive nitrogen halides with a host of other chemical 
agents. 
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(This 


reference contains many earlier references through the 
years 1925-36.) 
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Effective Training in Quantitative Analysis 


CHARLES B. DeWITT, Palo Alto, California, 
and L. B. ROGERS, Stanford University, California 


‘ E WHO is not an analyst is no chemist.”” The 

remark is credited to Bunsen, and while the 
glamor of chemistry has been transferred to fields not 
then dreamed of, the importance of analytical skill has 
not diminished. Analytical chemistry might well be 
called the ‘“‘bread and butter’’ division of the science 
because most chemists use its procedures, and the 
young chemist, whatever his specialty, is likely to 
spend much of his interne training in analytical work. 
It would be logical enough to regard the analytical 
chemist as the ‘‘general practitioner’’ of the profession 
and to arrange training programs so that the new gradu- 
ate would possess real skill in the analytical field. This 
goal is seldom sought and less often attained in most 
courses in quantitative analysis because of differences 
in the viewpoints of academic and industrial chemists 
and because of certain habits that have been developed 
in analytical teaching. 

There are two methods of approach to analytical 
operations, and they are based upon two fundamentally 
different attitudes. The first is that of the atomic 
weight determination in which the object is to attain 
the greatest possible accuracy with little regard for 
cost in either time or materials. The second, or the in- 
dustrial, approach aims at accuracy within predeter- 
mined limits, and requires that results be obtained at a 
moderate cost for materials and in a minimum time. 
The educational approach too often involves an attempt 
to mix the incompatible features of the basic two. 
Many a teacher gives lip service to the ultra precise 
work of the atomic weight determination and openly 
scorns the ‘‘fast and sloppy”’ methods of the industrial 
laboratory. Refinements that originated in atomic 
weight determinations are incorporated into the proce- 
dures of the elementary course on the assumption that 
an analyst trained in precise work can adapt himself to 
the use of approximate methods without difficulty 
while the converse procedure is not possible; hence, 
manipulative speed is ignored, and the number of deter- 
minations made during a semester is so pitifully small 
that the student has no opportunity to acquire either 
intensive or extensive experience. Twenty determina- 
tions may constitute a year’s work, and a given ion 
may be determined by only one procedure and in only 
one sample. In most colleges, cost of materials must 
be held to a minimum which is well below that per- 
mitted in the industrial laboratory, and time is inexor- 
ably limited by the college calendar. The student may 
be given a perfect score on results that differ from their 
duplicates and from the instructor’s value by femtths of a 
per cent, and he may “get by” with deviations that are 
several times larger. Under similar circumstances, 


the chemist in an industrial laboratory might feel that 
the maximum deviation should be measured in hun- 
dredths of a per cent. Finally, the student may be 
given little or no information concerning the degree of 
precision attainable with the methods he is using be- 
cause such information might encourage a manipula- 
tion of figures in reporting results. The young chemist 
comes into industry with a preconceived and erroneous 
notion that his college methods are far superior to 
those of the commercial laboratory. He is astonished 
to find analytical precision greater than he has pre- 
viously known; he is paralyzed by the speed of his 
associates and bewildered to find that laboratory opera- 
tions are fundamental rather than illustrative. As a 
result, several months may elapse before he becomes 
efficient in his work, and because of this time lag, nu- 
merous industrial laboratories prefer high-school boys 
or girls to college-trained chemists for control work. 
This in turn has a devastating effect on the salaries of 
young professional chemists. 

Acting independently and often for different reasons, 
the writers have tried a number of ideas in an effort to 
develop in their students a greater speed as well as a 
higher degree of analyticaJ skill. From their combined 
experience in college teaching and in the training and 
supervision of industrial analysts, they are convinced 
that the prevailing situation can be greatly improved 
by moderate revision of thinking habits and by some 
modification in training methods. The efforts to de- 
velop greater speed have been watched closely to pre- 
vent loss in accuracy or in understanding of principles, 
and in certain instances an apparent improvement in 
the last two items has been noted as a result of the more 
rapid work. 

The first topic to be examined was the relation be- 
tween the work of the classroom andithat of the labora- 
tory. Usual practice is to present new material in lec- 
ture and then to let the students perform laboratory 
experiments that illustrate the principles. Such a 
method seems to be essential in general chemistry be- 
cause of the student’s lack of familiarity with laboratory 
operations. It may be desirable in organic chemistry 
because of the sheer quantity of material and in physical 
chemistry because of the variety of principles, but the 
writers believe that this order is neither necessary nor 
desirable in quantitative analysis. They believe, fur- 
ther, that in analytical chemistry, the acquisition of 
manipulative skill which includes reasonable speed is 
equal in value to the understanding of theoretical 
principles, and that the latter should be built on a solid 
foundation of laboratory experience. 

Only one suggestion is offered here for work in the 
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classroom. It is quite generally agreed that the best 
correlation between classroom and laboratory work can 
be obtained through the extensive working of problems. 
It is also agreed that the students’ understanding is 
improved if they are encouraged to work together in 
pairs or larger groups; however, under these condi- 
tions, one generally finds that many of the papers 
turned in are essentially carbon copies. While these 
are of little value for grading purposes, they do require 
long hours for checking by the instructor. This situa- 
tion has been remedied by assigning the problems in the 
usual way for homework, but basing grades on the solu- 
tion of the same or similar problems given in weekly 
quizzes. The results have been most gratifying from 
every standpoint, and the system proved particularly 
satisfactory for the Army Specialized Training Pro- 
gram, 

Classical practice in the teaching of elementary quan- 
titative analysis has been to present gravimetric meth- 
ods first and to follow these with volumetric methods. 
‘This procedure was defended recently by Diehl! who 
mentioned that in one institution, volumetric analysis 
was given first simply to relieve congestion on the bal- 
ances at the beginning of the course. Similarly the 
authors of a popular textbook? state, “‘. . . from the di- 
dactic point of view, gravimetric analysis should precede 
volumetric analysis. The theory of the former is much 
simpler than the latter.” But didactic reasoning might 
require that the first gravimetric determination of an 
elementary course should be one in which the substance 
weighed is identical with the substance sought. The 
electrolytic determination of copper, the fire assay of 
gold, or the determination of water would meet this 
requirement; but the first is introduced late in the 
course or not at all, the second is seldom mentioned, 
and the third is sometimes regarded as too simple. 
Many authors and teachers, however, introduce volu- 
metric methods first with the thoroughly practical 
justification that under this procedure, their students 
accomplish more and work better. Furthermore, it is 
possible to develop a line of didactic reasoning that 
fully justifies precedence of volumetric analysis. Much 
of the students’ difficulty with volumetric theory can 
be traced to the emphasis that teachers place on the 
gram as the unit of stoichiometric relationships, to the 
almost exclusive use of weight percentages in reporting 
results, and to the similarly exclusive use of the nor- 
mality system for expressing concentrations of volu- 
metric reagents. Such confusion can be minimized by 
early introduction of the industrial system of expressing 
concentrations in grams per liter or parts per million 
and by placing greater emphasis upon the mol as a re- 
acting unit in building up the concepts of the equivalent 
and the normal solutions. Volumetric work, like gravi- 
metric, can be arranged in an order of increasing com- 
plexity, with attention being given first to laboratory 


1 Drent, H., J. CHEM. Epuc., 19, 584-9 (1942). 

2 Ko.tuorfr, I. M., AND E. B. SANDELL, ‘Textbook of Quanti- 
tative Inorganic Analysis,’’ Revised Ed., The Macmillan Com- 
pany, New York, 1943, p. ix. 
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practice and then by a rather gradual increase in 
theory. 

In an early attempt to give students a greater degree 
of analytical skill, one of the authors issued a sample for 
each determination to be run in the usual manner, and 
this was followed by a second sample to be run by the 
same method within a definite limit of time. Results 
were gratifying, but the cost of samples and the small 
number available presented a difficult problem. It was 
solved by issuing some samples in solution. Such use 
of liquid samples is frowned upon by some teachers, 
but their attitude appears to be largely a matter of 
couvention or habit. Actually many of the conven- 
tional unknowns are readily soluble in water or acid so 
that the only additional value of sample preparation 
to the student is to provide practice in weighing. The 
students’ apparent loss in weighing practice may be 
more than offset by the experience gained in making a 
larger number of determinations during the term. One 
must consider, too, the fact that many industrial sam- 
ples come to the analytical laboratory in solution. 
In addition, by starting the course with a liquid un- 
known together with a standard solution for titrating 
it, an analysis can be completed and reported by the 
student in a single laboratory period. This has the 
very desirable effect of giving the student a feeling of 
accomplishment at a very early stage of the course. 
Finally, from the instructor’s standpoint, the use of 
liquid samples is desirable because an almost unlimited 
number of samples are available at an extremely low 
cost. 

Replacement of solid unknowns by liquids was 
forced upon the other writer in the teaching of students 
in the Army Specialized Training Program who were 
allotted only about one-half of the usual amount of 
laboratory time, but who were expected to cover nearly 
the same amount of work usually given in the regular ci- 
vilian course. Another saving in time came through the 
students’ gradual introduction to the use of the bal- 
ance. By the time gravimetric determinations were 
encountered, the students had developed reasonable 
speed in weighing. : 

Ordinarily when volumetric unknowns are used at 
the beginning of the elementary course, the first labora- 
tory periods are devoted to the calibration of glassware. 
This requires immediate instruction in weighing with 
all of the confusion that may result from a shortage of 
balances. The calibration is a slow and discouraging 
operation for the new student who is rarely convinced 
that it has more than a remote connection with chemi- 
cal analysis. While accurately calibrated glassware is 
important, the errors found in modern equipment are 
usually negligible. The greatest error is usually found 
in a pipet which, after being broken and mended by a 
student, has escaped detection by the equipment- 
checker. The value of the calibration exercise in focus- 
ing the students’ attention on careful work may be 
more than offset by the confusion planted in their minds 
when they are told that relatively approximate weigh- 
ings are adequate for calibration purposes. The value 
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of a calibration exercise is enhanced by its inclusion in 
an advanced course in analytical chemistry or in physi- 
cal chemistry. 

Final decision as to the value of calibrations in the 
early stages of the analytical course should be made 
after the precision of students’ analytical results has 
been considered. A comparison of the precision at- 
tained by a number of classes that did not perform cali- 
»rations with the precision of other classes that did 
perform them proved that there was no appreciable 
difference. Students were sufficiently impressed with 
the necessity for careful work when they were told 
that their outer limits of precision should not exceed 
the error of one or two drops of reagent in a forty- 
milliliter titration. 

If the development of manipulative dexterity and 
speed are accepted as important objectives of analytical 
training, the first year’s course in quantitative analysis 
can be arranged to meet the following specifica- 
tions: 

1. Presentation of theory follows and is based upon 
the students’ laboratory work at least during the first 
few weeks of the course. 

2. The various analytical procedures are classified 
as unit operations akin to the unit operations of the 
chemical engineer. 

3. The students’ first determination involves the 
mastery of a single unit operation and can be com- 
pleted in a single laboratory period. 

4. Each subsequent determination introduces one 
or two new unit operations or variations in principle. 

5. Work is progressive from short single determina- 
tions to complete analyses that involve separations. 

6. Each analytical method is applied to two or more 
samples, and the student is encouraged to make addi- 
tional or optional determinations to develop speed. 

7. Volumetric determinations are arranged in series 
in which each experiment overlaps the one that pre- 
cedes and the one that follows it with respect to method 
or materials. 

8. Each volumetric reagent prepared by the student 
is checked by two independent methods. 

9. A smooth transition is provided between volu- 
metric and gravimetric methods. 

The Mohr method for the determination of the chlo- 
ride ion was selected as the first procedure in one ar- 
rangement that proved quite satisfactory. It was 
chosen because it depends upon a reaction that is fami- 
liar to every student, and it can be completed in a 
single laboratory period so that it gives the student a 
feeling of confidence based on accomplishment. With 
suitable preparation by the instructor, it requires just 
one unit operation—titration. Its most probable error 
~—overtitration—can be corrected without repetition 
of preliminary procedures on a new sample, and it is 
adapted to the process of successive titration in which 
the student can add to his sample and get the effect of 
titrating to the end point several times. It requires 
the use of a blank correction. To offset these valuable 
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features, there is one drawback in that some persons 
experience difficulty in recognizing the end point, but 
this trouble is usually eliminated by having the titra- 
tions made under yellow light. 

In practice, a student begins his year’s work by check- 
ing his apparatus and cleaning his two burets. After 
watching a complete demonstration of the Mohr titra- 
tion by the instructor and checking each step against 
his instructions which are detailed and explicit, he 
draws a sample of sodium chloride as an unknown and 
obtains a quantity of standard silver nitrate solution 
from a laboratory supply. In two similar white casse- 
roles, he prepares two ‘‘blanks’’ which show the transi- 
tion at the end point. The first contains potassium 
chromate indicator and distilled water while the second 
contains the same materials in the same volumes plus a 
measured volume of silver nitrate solution that is just 
sufficient to produce the end-point coloration. The 
student next measures a sample of his sodium chloride 
unknown from one buret into a third casserole and adds 
the specified amount of indicator solution and distilled 
water to bring the volume nearly equal to that of the 
blank. After titrating to the end point and recording 
the results, he adds an additional measured quantity 
of his unknown and again titrates to the end point. 
This process of addition and titration is repeated sev- 
eral times, and then one or more new samples of the 
unknown solution are treated in the same manner. 
The concentration of the standard silver nitrate solu- 
tion is expressed as chloride equivalence in grams or 
milligrams per milliliter, and the unknown is reported 
as grams of chloride per liter of solution. 

For the second exercise, the student is introduced to 
the analytical balance and asked to prepare a standard 
solution of sodium chloride by the simplest possible 
procedure of directly weighing a quantity of the pure 
salt. He checks the accuracy of his weighing by titrat- 
ing two or more samples by the procedure of the first 
experiment and using the laboratory stock of standard 
silver nitrate. He expresses the concentration of his so- 
dium chloride solution in grams of sodium chloride per 
liter, grams of chloride ion per liter, equivalent grams of 
silver per liter, mols of sodium chloride per liter, equiva- 
lents of chloride per liter, and equivalents of silver per 
liter. Requiring that the last two be calculated inde- 
pendently from the concentrations in grams per liter 
provides an impressive introduction to the normality 
system. The second unknown is a solution of silver 
nitrate. It is analyzed by the Mohr method, but a new 
unit operation is introduced by requiring that the 
standard sodium chloride solution be measured with a 
pipet. To place the standard solution in the titrating 
vessel and add the unknown from a buret is not a com- 
mon practice, but it is convenient in some instances, 
and it causes no confusion in the minds of students if 
it is introduced early in the course. This unknown is 
reported as grams of silver per liter of solution and as 
normality. An extra halogen unknown to be analyzed 
by the adsorption indicator method is offered to those 
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students who wish to use it. Such optional unknowns 
are graded as a bonus, but are given little or no value 
if the quality of work on the required determinations 
is unsatisfactory. 

The Volhard method for silver and halogen is intro- 
duced next by the preparation of standard solutions of 
silver nitrate and potassium thiocyanate. These solu- 
tions are checked against each other and against the 
student’s standard sodium chloride and the laboratory 
stock of silver nitrate. An unknown bromide or a sil- 
ver alloy is analyzed by the Volhard method, and a 
cyanide is offered as an optional experiment. 

Acidimetry and alkalimetry are linked to the pre- 
ceding experiments by the use of the Volhard method 
for standardizing a solution of hydrochloric acid. This 
standardization is checked by a second one against pure 
sodium carbonate, and the solution is used in the analy- 
sis of an unknown base or a sample of soda ash. Then 
a standard base is prepared and checked against the 
acid and against potassium acid phthalate or some other 
suitable primary standard. Analyses of an unknown 
strong acid, an unknown weak acid, and a determination 
of nitrogen by the Kjeldahl method complete the series. 

The next series is begun by the preparation of a stand- 
ard solution of potassium dichromate which is evalu- 
ated by direct weighing of the pure salt and by titration 
against ferrous ammonium sulfate. The dichromate 
solution is used for the determination of iron in a sample 
that is reduced with stannous chloride. The converse 
determination is carried out by employing the standard 
solution of ferrous ammonium sulfate in analyzing a 
chromium or a chromate unknown. A solution of 
ceric sulfate may be issued as an additional unknown if 
desired. Iodimetric experiments are then introduced 
by standardizing a solution of sodium thiosulfate 
against potassium dichromate; copper, hypochlorite, or 
antimony unknowns are the most suitable. 

For the benefit of premedical students and others 
who take only the first half-year’s work, simple gravi- 
metric determinations and one or two colorimetric 
methods are introduced at the end of the oxidation- 
reduction series. A smooth transition from volumetric 
to gravimetric methods may be effected if the use of 
potassium permanganate is deferred until iodimetry is 
completed. Following its standardization against 
ferrous ammonium sulfate and sodium oxalate, the 
permanganate is employed to analyze a sample of iron 
or manganese. Then gravimetric methods are intro- 
duced through the volumetric determination of calcium 
which involves precipitation, filtration, and washing of 
a precipitate. All of these operations are usually asso- 
ciated with gravimetric analysis. 

The determination of nickel with dimethylglyoxime 
has proved to be most satisfactory as the first gravi- 
metric determination because it is capable of giving 
highly accurate and precise results in the hands of a 
beginner. The bright color of the precipitate together 
with the favorable gravimetric factor enables the stu- 
dent to avoid the important sources of error which 
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may occur in transferring a precipitate. In addition, 
the time required is not too long in comparison with 
volumetric methods, and few new laboratory operations 
are involved. 

The gravimetric determinations that follow nickel are 
chosen from the usual grouping of sulfate, chloride, 
combined iron and aluminum oxides, and magnesium. 
All of these present definite difficulties for the student, 
and, although they cannot be arranged in a closely re- 
lated sequence, they occur frequently in practical work. 
This common occurrence of the procedures lends them 
an importance which outweighs any objections to their 
use. Furthermore, they have merit in that they can be 
used to broaden the student’s acquaintance with labora- 
tory apparatus and techniques as well as his knowledge 
of chemical principles. For example, sintered glass 
crucibles are recommended for the determination of 
nickel, Gooch crucibles for sulfate, porous porcelain for 
chloride and magnesium, and paper for combined iron 
and aluminum oxides. Finally, the use of both volu- 
metric and gravimetric methods for the determination 
of a single ion such as chloride or iron provides the in- 
structor with a sound basis for the discussion of the 
relative merits and defects of the two types of analysis. 

Colorimetric determinations complete the first term’s 
work. An analysis for manganese in steel and a deter- 
mination of the pH of a buffer by the drop-ratio method 
have been found to be satisfactory. Although these 
unknowns are introduced at the conclusion of the term 
and are run concurrently with the student’s last two 
gravimetric unknowns, the authors feel that colorimetry 
can be reduced to so few relatively simple operations 
without sacrificing any appreciable amount of practice 
or theory that colorimetric determinations might serve 
as an extremely valuable introduction to quantitative 
analysis. This new arrangement will be attempted at 
the first opportunity. 

The emphasis in the second term’s work is placed 
upon the commonly applied instrumental methods and 
upon gravimetric separations. A limited amount of 
work in special fields such as organic elementary analy- 
sis and gas analysis has been included, also, because the 
students in the course are almost all chemistry majors. 
The student is given considerable latitude in selecting 
special methods, and, in every case, he is expected to 
carry out the instrumental procedures while the more 
conventional gravimetric determinations are in prog- 
ress. 

The work of the second term may be introduced by 
the preparation of a standard solution of potassium 
ferrocyanide for the analysis of a sample containing 
zinc in order to provide a practical review of volumetric 
methods. This is followed by single gravimetric deter- 
minations not covered in the work of the first term, 
such as the electrolytic determination of copper and the 
precipitation of magnesium with 8-hydroxyquinoline. 
Most of the term, however, is devoted to a study of 
gravimetric separations. The analysis of a limestone 
or silicate for which the student uses platinum ware is 
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preferred to the analysis of an alloy such as brass, if a 
choice must be made. Ordinarily the two analyses 
cannot be completed if much instrumental and special 
work is undertaken. 

Colorimetric methods served to introduce the instru- 
mental portion of the course, and they included a simple 
unknown such as copper, nitrate, or nitrite in water, as 
well as a more involved procedure for titanium, chro- 
mium, or lead in a complex mixture. A very satisfac- 
tory alternative, the determination of vitamin B, in 
cereal, was introduced into the course as soon as a 
fluorometer became available. Next, the pH meter, 
which is regarded as one of the most essential of ana- 
lytical instruments, is employed both for a simple de- 
termination of pH and for an electrometric titration. 
The latter is usually not an acid-base reaction but 
rather oxidation-reduction or precipitation. 

Whenever simple polarographic and spectrophoto- 
metric determinations were attempted, their principal 
value proved to be the development of the students’ 
respect for extreme care in handling the instruments. 
It was found that the amount of descriptive theory that 
could be presented was insufficient for a proper under- 
standing of all the principles involved and that the 
laboratory application did not provide a suitable foun- 
dation for numerous theoretical considerations. The 
analysis of an unknown by a _ spectrophotometric 
method involves no special planning by the instructor, 
but the handling of one for polarographic work does. 
The student receives a solution containing one ion of a 
definite concentration. The first problem is the iden- 
tification of the ion by its characteristic half-wave po- 
tential in one or two background media. Following this 
the student receives a standard solution of that ion 
from which he can obtain the necessary relation be- 
tween concentration and wave-height for reporting the 
unknown. As one might expect, the identification of 
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the ion is more difficult for the student than the quan- 
titative estimation. 

Experiments involving other physical methods such 
as refractometry and conductivity have been consid- 
ered but never attempted. Their applications in ana- 
lytical chemistry are limited, and their study appears 
to be more suitable for physical chemistry. If, however, 
the number of simple gravimetric determinations and 
colorimetric determinations completed in the second 
term is held to a minimum, it is possible and worth 
while to do gas analysis and organic elementary analy- 
sis. Work in the former was limited to illuminating 
gas, which served as a known, and to a synthetic un- 
known. The amount of work in organic analysis was 
limited to a single carbon-hydrogen unknown not only 
because of the time required of the student to perform 
an analysis but also because much more equipment and 
space would have been required. By performing the 
analysis on a semimicro scale, the student is able to 
learn the essential facts and techniques without the 
well-known drawbacks of the macro- and micromethods, 
Furthermore, the instructor is given the opportunity 
to introduce the calibration of weights at a time when 
it is more necessary for the attainment of accurate re- 
sults. Needless to say, the ability of the student to 
perform the calibration rapidly and accurately, as well 
as his appreciation of the magnitude and nature of 
errors, makes the exercise much more valuable. 


Further improvement in the schedules of work for 


both the first and second terms is being sought. One 
of the chief factors is the proper proportion of time 
which should be given the various phases of work, par- 
ticularly in the second term. Attempts are being made, 
also, to select better procedures to illustrate gravimet- 
ric methods, and to employ as unknowns commercial 
products and intermediates wherever possible, so that 
the courses may have more practical appeal. 


We have, during the war, largely used up our accumulated surplus of basic knowl- 


edge of the atomic nucleus. The dividend was,the atomic bomb. We must, without 
further delay, restore this surplus in preparation for the important peacetime job for 


the nucleus—power production. 


The development of economical atomic power is not a simple extrapolation of knowl- 
edge gained during the bomb work. It is a new and difficult project and great effort 
will be required to reach a satisfactory answer. Needless to say, it is vital that the 


atomic policy legislation now being considered by the Congress recognize the essential 
nature of this peacetime job, and that it not only permits but encourages the cooper- 
ative research-engineering effort of industrial, government, and university laboratories. 
Sor the task.—Dr. C. G. Suits, Director of the General Electric Research Laboratory. 
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A Laboratory Preparati 


Advance Solvents and Chemical 


CETALS, which are becoming increasingly im- 

portant commercially, are only too seldom em- 
phasized in the study of elementary organic chemistry. 
It is true that the lecturer may spend a total of several 
hours in discussing this topic from time to time as it 
occurs in the standard text, but practically no stress is 
applied, in that it is completely overlooked by the au- 
thors of our conventional laboratory manuals on or- 
ganic chemistry. As a result, the industrially inexperi- 
enced chemistry graduate often has a vague and con- 
fused picture of the entire subject. 

We hope to remedy this situation somewhat by offer- 
ing a simple illustration of a typical condensation reac- 
tion, 7. é., the preparation of a cyclic acetal by the reac- 
tion of glycerol and acetaldehyde in the presence of a 
desiccating catalyst. 

Ethylidene glycerol was first prepared by Harnitzky 
and Menschutkine (4) from glycerol and acetaldehyde 
in a sealed tube at 180°C. It was next prepared by 
Nef (12), using a similar procedure. Hibbert (5) also 
synthesized it using mineral acids such as hydrochloric, 
sulfuric, and phosphoric acids and iodine as catalysts. 
Hill, Whelen, and Hibbert (9) also prepared the com- 
pound from glycerol and paraldehyde. It has also been 
obtained (7) in a 63 per cent yield from glycerol and 
ethylene in the presence of a catalyst consisting of 
mercuric sulfate and sulfuric acid. Related compounds 
have been synthesized, employing mineral acids (1, 3) 
and organic sulfonic acids (13) as catalysts and anhy- 
drous sodium sulfate (3) and calcium carbide (11) as 
desiccants. 

Acetaldehyde reacts with glycerol to yield a mixture 
of two isomers as illustrated in the accompanying equa- 


tion. 
CH,OH CH 
| 
CHOH + CH,CHO —> CHO 
CH,OH CH.OH 
CH.0 
| 
CHOH + H.0 
CH.O 
Il 


Both the 1,2- and the 1,3- isomers are possible as indi- 
cated by Harnitzky and Menschutkine (4), Nef (12), 
Fischer (2), and Hill, e¢ al. (8), the partition between 
the two isomeric forms varying considerably according 
to the experimental method and conditions. Inter- 
estingly enough, acetone results only in the 5-mem- 
bered ring compound (6). 


Condensation Reactions: 


on of Ethylidene Glycerol 


M. MARTIN MAGLIO and CHARLES A. BURGER 


Corporation, New York, New York 


EXPERIMENTAL 


Apparatus. The equipment consists of a one-liter, 
three-necked, round-bottomed, electrically heated flask 
equipped with a thermometer and dropping funnel in 
one side-neck, a reflux condenser in the other, and a 
mercury-sealed mechanical agitator in the center neck. 

Reactants. The reactants consist of 95 per cent 
glycerol (97 g.), acetaldehyde (181 g.), solvent naphtha 
#4 (boiling point 80-85°C.) (200 g.), and p-toluene- 
sulfonic acid monohydrate (3 g.). 

Procedure. The glycerol, naphtha, and acid cata- 
lyst are agitated in the flask thoroughly for ten minutes 
to disperse the catalyst. The acetaldehyde is then 
added from the dropping funnel over a period of 20 
minutes, an obviously exothermic reaction taking place 
at room temperature. After the addition of aldehyde is 
complete, the heterogeneous mixture is agitated at re- 
flux (about 58°C. batch temperature) for three hours. 
The cooled mixture is allowed to stand in a separatory 
fynnel, and the lower layer is drawn off. The upper 
layer of diluent is discarded, for ethylidene glycerol is 
insoluble in it. 

The lower layer is neutralized with 1.5 g. of powdered, 
freshly fused sodium acetate and 3.0 g. of sodium car- 
bonate, dried over anhydrous sodium sulfate and fil- 
tered by gravity. The clear filtrate is then fractionally 
distilled at atmospheric pressure in the presence of 
small amount of sodium carbonate through a ten-inch 
Vigreux column to remove the excess acetaldehyde, the 
temperature at the top of the distillation column rising 
to 60°C. The residue is subsequently distilled under 
reduced pressure, a 70 per cent yield of colorless liquid 
boiling at 80 to 85°C. at 21 mm. being obtained. 

Analysis. The analytical procedure, based on the 
method of Levenson (10), consists in the hydrolysis of a 
sample by means of 42.5 per cent phosphoric acid, dis- 
tilling the liberated acetaldehyde into a standard solu- 
tion of alkali containing hydrogen peroxide to oxidize 
the aldehyde to the corresponding acid, and titrating 
the excess caustic with standard acid. A blank is run 
on the reagents, of course. 

The calculations are based on the following equation: 


Net ml. H,SO, X N X M.W. of CH;CH< X 100 


1000 X Sample 
= Per cent of CH;CH< 


Net ml. H,SO; X N 
Sample 
where the ‘‘net ml. HsSO,”’ is the difference between the 
174 


X 2.805 = Per cent of ethylidene 
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volume of acid required in the blank and that required 
for the titration of excess caustic in the determination. 
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Let Your Librarian Look It Up 


“RAYMOND R. DICKISON 
Pennsylvania State College, State College, Pennsylvania 


ISTED below are some specific suggestions for 
making use of your chemical librarian which will 
save you some time and trouble. Though primarily 
intended for the college or university faculty served by a 
departmental library, the list also contains many sug- 
gestions which industrial research men will find useful. 
If your librarian is unable to help you with any of 
the services listed because of insufficient chemical back- 
ground, you will be surprised at how quickly he will 
learn by practice. He will also be very grateful for the 
opportunity to learn if you will give him the chance. 
Many chemists, of course, like to do their own litera- 
ture work in order to keep up with their field and to get 
new ideas. With this in mind, the following list 
places relatively less emphasis on the literature survey 
work which is usually the chemical librarian’s chief 
task. The list was compiled while revising and re- 
classifying our library reference files. 


WHAT THE LIBRARIAN WILL DO 


For the Dean or Research Professor: 

1. Supply background material for the introduc- 
tion of speakers. 

2. Furnish lists of names for award nominations, 
possible lecturers, society officers, etc., or give pertinent 
information on such men. 

3. Check references for proposed publications. 

4. Furnish a summary of previous work in the 
same field for a new research project. 

5. Compile lists of faculty publications. 

6. Locate addresses of society officers, chemical 
companies and their officials, manufacturers’ addresses, 
and prices of chemicals, chemical equipment, etc. 

7. Bring lecture courses up to date with a bibliogra- 
phy of recent work in that field. 

8. Translate foreign language papers. 


9. Look up correct chemical definitions, nomen- 
clature, pronunciation, etc. 

10. Track down information about formulas and 
properties of new compounds, such as drugs and in- 
secticides. 

11. Prepare abstracts of scientific papers. 

12. Keep you informed of the current literature in 
your field. 

13. Furnish literature surveys on specific reactions, 
methods of preparation, chemical and physical proper- 
ties of compounds, etc. 

14. Prepare tables of physical constants and charts 
of other data from the literature. 

15. Order books for you and supply information 
about publishers, prices, etc. 

16. Keep track of membership dues, subscriptions, 
rules, etc. 

17. Conduct a course in chemical literature for your 
students. 

18. Obtain publications on interlibrary loan that 
your library does not have. + 

19. Select passages for foreign language examina- 
tions. 

20. Handle requests from outside the college for 
information on chemical subjects. 

. 21. Arrange for exhibits, displays, etc. 

22. Prepare mimeographed bulletins, newsletters, 
ete. 

23. Order and circulate books and otherwise main- 
tain the departmental library. 

For the Graduate Assistant and the Instructor: 

1. Assist in locating references, books, etc. 

2. Help in making literature surveys. 

3. Proofread theses and other publications. 

4. Do any of the services listed for the Dean or 
Research Professor that may be required. 
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I THIS age of specialization, it seems strange that 
no apparent effort has been made by educators to 
train women for industrial chemical library positions. 
Within the last few years many women have been 
trained as chemists and many as librarians, but the 
combined training required to make the ideal library 
chemist has been either overlooked or ignored. Pos- 
sibly this situation is the result of lack of interest in 
library work on the part of women studying chemistry. 
It seems more likely, however, that the situation is due 
to a total lack of awareness by the students of the op- 
portunities available in industry for women library 
chemists. The responsibility for informing and advis- 
ing the student in matters pertaining to career rests 
with the teacher. An appeal is, therefore, made to the 
educators, to the members of the faculties of chemistry 
departments and of schools of library science, to recog- 
nize the need for women with such combined training 
and to inform their students accordingly. 


WHAT IS A LIBRARY CHEMIST? 


Because of the hybrid character of the interests, 
training, and work involved, numerous titles have been 
applied to the individual who practices chemistry in 
the library rather than in the laboratory. These titles 
have been listed in detail by Strieby (1). They in- 
clude ‘‘chemical librarian,” “technical librarian,” 
“literature searcher,” ‘“‘library technologist,” and 
“library chemist.’’ None of them is entirely satisfac- 
tory as a truly descriptive term for the occupation. 
The title “library chemist,”’ however, comes closest to 
identifying the occupation described in this paper, be- 
cause that title establishes its holder as a chemist pri- 
marily, but a chemist who is working in the field of lit- 
erature instead of in the laboratory. 

At this point it should be stated that while the pres- 
ent article is essentially a plea for the training of women 
as library chemists, there are also opportunities for 
properly trained men in the field of industrial library 
chemistry. The natural aptitude so often possessed by 
women for the kind of work involved in library chemis- 
try is the basis of the special appeal for women stu- 
dents in this field. Therefore, the feminine gender will 
be used in subsequent references to the library chemist. 


DUTIES OF A LIBRARY CHEMIST 


The work of the library chemist in industry is both 
educational and exhilarating. She is in constant con- 
tact with a highly educated group of people whose many 
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and varied scientific problems also become her prob- 
lems. She has a finger in everybody’s pie and, hence, 
a chance to play a small part in not just one but nu- 
merous scientific investigations. ,The precise nature 
and scope of her work will vary with the particular or- 
ganization that employs her and with her own ability 
to take responsibility and to contribute to a research 
program. Some of the many duties and tasks which 
are being performed by library chemists will be de- 
scribed briefly in the next few paragraphs. 

The primary duty of the library chemist consists in 
acquiring as wide a knowledge as possible about the 
company which employs her, about its manufacturing 
processes, its products, and its research projects. She 
must know not only how to speak the language of 
chemists but also howto apply her chemistryin the indus- 
try in which she is working. She should visit the labora- 
tories, read the technical reports of the laboratory staff, 
and take advantage of all other opportunities to ac- 
quaint herself with the various problems under investi- 
gation. This background will enable her to understand 
the informational needs she will be expected to supply. 

A knowledge of the technical work and _ inter- 
ests of her company will guide the library chemist in 
building up, organizing, and maintaining a suitable 
collection of literature. With the help and advice of 
the other chemists in the organization, she will have to 
select the proper books, periodicals, pamphlets, and 
patents. This is a job which never ends, since new lit- 
erature appears daily. It will also be her duty to be 
familiar with all the essential Jiterature in her field of 
industry. She must scan the current literature regu- 
larly and see that pertinent sections of it are called to 
the attention of the technical workers in the company 
who should see them. In addition, she should index all 
important literature under well-chosen subject headings 
for future reference. 

The responsibility of the library chemist for seeing 
that pertinent literature reaches the proper persons on 
the company’s technical staff has resulted in a wide 
variety of methods to accomplish this task. Most in- 
dustrial libraries periodically issue some kind of bulle- 
tin listing important current literature. Some of these 
bulletins are mere lists of titles of new books, pam- 
phlets, bulletins, etc., received by the library; others list 
new literature of various kinds with brief annotations; 
and still others of a more elaborate nature list books, 
pamphlets, individual journal articles, and patents, 
giving brief reviews or abstracts of each. Some librar- 
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ies issue separate patent bulletins containing abstracts of 
patents currently received by the library. These and 
other methods of getting news to the technical and re- 
search staff have been discussed in detail by Strieby 
(2). They need not be mentioned further here except 
to emphasize that they offer the library chemist a good 
opportunity to use her chemical knowledge as well as 
her initiative. 

The library chemist in an industrial library is ex- 
pected to be expert as a literature searcher. New in- 
vestigations contemplated in the laboratories require 
preliminary searches so that work already done on the 
subject and reported in journal articles, patents, and 
other publications will not be repeated unnecessarily. 
Searches of granted patents must be carried out before 
application is made for patents on inventions conceived 
in the laboratories. Properly trained library chemists 
can assume complete responsibility for many of these 
searches. They can assist in others by contributing ad- 
vice on source material, by making translations of litera- 
ture in foreign languages, and by ferreting out refer- 
ences difficult to locate. Results of searches made by 
the library chemist will usually need to be reported in 
writing. Some can be submitted merely as annotated 
bibliographies; others are more satisfactory when sum- 
marized in the form of literature reports or reviews 
which digest under appropriate headings the material 
found for each phase of the problem being investigated. 
These literature reports are usually supplemented by 
bibliographies. Needless to say, their preparation re- 
quires more knowledge and skill than does the mere 
compilation of a bibliography. 

The very highly trained and experienced library 
chemist can, according to Connolly (3), carry out a com- 
plete research program in the library alone by piecing 
together isolated and obscure bits of information found 
in the literature in such a fashion that completely new 
ideas result. Such ideas can be patented without re- 
course to the laboratory. Obviously, library research 
of this kind can be successfully conducted only by a 
chemist with a better-than-average background in 
laboratory and library work. 

In some companies the files of technical correspond- 
ence and laboratory reports are placed under library 
supervision. In such cases the library chemist has the 
great advantage of day-to-day contact with written 
accounts of the company’s chemical operation and re- 
search. Technical files grow rapidly, soon becoming 
unwieldy unless the contents are periodically weeded 
out, boiled down, abstracted, and indexed. The library 
chemist can make a valuable contribution to her com- 
pany by binding together, summarizing, and indexing 
correspondence and reports on similar subjects. Such 
bound compilations will be very helpful to readers who 
wish to review a special investigation or problem. 

The well-patronized industrial chemical library will 
be expected to supply the answers to numerous ques- 
tions submitted verbally or by telephone throughout 
each day. These questions may involve the melting 
point, heat of vaporization, viscosity, or other property 
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of a chemical compound. They may concern the 
method of synthesis or analysis of a product or its 
utilization. Numerous examples could be given of 
questions of a chemical nature referred to the library. 
The library chemist will find the answers to many of 
these questions quite readily by consulting text and 
reference books, Chemical Abstracts and similar abstract 
services, company technical files, and the files of index 
cards built up day by day in the library for just such use. 
Other questions will require much time for answering, 
perhaps necessitating consultation of outside authorities 
or organizations by telephone or letter. A wide ac- 
quaintance with many technical libraries, their staffs, 
and their special fields of interest, as well as with scien- 
tific and research organizations, will stand the library 
chemist in good stead in such cases. 

The library chemist in industry will frequently be 
called upon to assist in the writing of scientific papers 
and books. She may be asked to check references and 
arrange them properly for a bibliography and to supply 
historical, statistical, and other information needed to 
supplement the original subject matter and experimen- 
tal data which make up the paper or book. Some com- 
panies also expect the library chemist to assist the labo- 
ratory chemist prepare his technical reports. 

Numerous articles and reports containing special 
data, statistics, and other figures currently pass over 
the desk of the library chemist. She can add consid- 
erably to her library’s store of technical information 
by compiling from these various sources data sheets of 
properties and compositions of compounds and sub- 
stances of interest to her organization. These sheets 
can be distributed to technical workers in the company 
or they can be held in the library for reference use. 

The scope of the work of the library chemist will be 
determined ultimately by her training and natural 
talents. If she is insufficiently trained, or if she lacks 
a natural aptitude for the work, the tasks allotted to 
her will be limited in number. She may become what 
Cibella (4) has aptly described as a mere ‘‘custodian of 
books.” It, however, she has the proper training and 
background and if she shows that she has good judg- 
ment in chemical fields and that she can take responsi- 
bility, she will soon find that a wide variety of duties 
of the kinds described above will be assigned to her. 


TRAINING OF A LIBRARY CHEMIST 


The proper training of personnel for chemical li- 
braries has been the subject of several recent articles. 
Soule (5, 6) emphasizes the need for chemically trained 
people in such positions. He believes that subject 
knowledge is the primary requisite of an efficient sci- 
entist-librarian, that library training alone is not 
enough. Shorb and Beck (7) agree with Soule that 
subject knowledge is of paramount importance. They 
consider an M.A. degree in chemistry or its equivalent 
the minimum requirement of training for persons who 
evaluate, abstract, and index literature in industrial 
chemical libraries. Orton (8) recommends a combina- 
tion of subject training, library science, and training 
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in German and French. Alexander, Corbin, and Egloff 
(9) similarly stress the importance of a thorough chemi- 
cal background, including courses in the use of chemical 
literature. In addition, they advise candidates for 
positions in literature searching to acquire an acquaint- 
ance with industrial technology; a reading knowledge 
of foreign languages; training in related sciences and 
engineering, logic, journalism, and typing and short- 
hand; and a familiarity with library organization. 
Strieby (1) believes that the “library technologist”’ 
should have subject knowledge combined with a knowl- 
edge of the principles of librarianship. The Industrial 
Research Institute (10) advocates that the person in 
charge of a technical library in industry should have 
scientific training and a reading knowledge of German 
and French. 

The library chemist, as defined by the discussion in 
this paper, should be first and foremost a chemist. 
This means that she should have at least four years of 
college training in chemistry. If possible, such training 
should include a course in the use of chemical literature. 
Graduate work in. chemistry will be very helpful, be- 
cause it involves the performance of original research 
with an accompanying thesis and literature survey and 
sogives the library chemist an understanding of the prob- 
lems of the Jaboratory chemist. The library chemist 
should also have a reading knowledge of German, 
French, and possibly Russian, and a good foundation 
in English grammar and composition. Such training, 
combined with a year of library science, should produce 
the ideally educated library chemist. 

It is also important to consider the qualifications, 
other than training, needed by the library chemist. 
Combined with her interest in science, she should have 
a strong liking for reading, for searching out hidden 
facts, and for organizing these facts in writing. She 
should have initiative, imagination, and resourceful- 
ness, combined with infinite patience in aspiring toward 
accuracy in details. She should like to work with 
people, because hers will be entirely a service job. 


NEED FOR LIBRARY CHEMISTS 


Anyone who has tried to locate women with at least 
an approximation of the training and qualifications de- 
scribed knows that they are very hard to find. And yet 
the demand for such people for industrial libraries is 
considerable. Almost every issue of Chemical and 
Engineering News contains advertisements for this type 
of person. Many industrial libraries are in need of addi- 
tional staff. Early in 1945 the placement office of the 
Special Libraries Association (11) stated that it is 
notified of many more openings for women chemists 
than can possibly be filled. Moreover, new industrial 
technical libraries are being organized constantly. Be- 
tween 1920 and 1940 the number of companies report- 
ing industrial research laboratories increased from 
about 300 to 2350 (12). With the present emphasis 
on research there is every reason to expect this trend in 
the establishment of new industrial laboratories to con- 
tinue, perhaps in even greater degree. The creation 
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of new industrial libraries will follow as a natural re- 
sult. A recent monograph of the Industrial Research 
Institute (10) suggests that when a research organiza- 
tion has developed to the point where it has 15 or more 
technical people, serious thought should be given to the 
employment of a full-time librarian with technical 
training. In the face of such increasing demand for 
library chemists and scientists, the lack of properly 
trained people for these jobs is truly alarming. 

Women students in chemistry should be informed of 
the opportunities for good positions in industrial tech- 
nical libraries. As life adjusts to normal again, the 
wartime demands for women chemists in industrial 
laboratories will gradually be reduced. The need for 
library chemists, however, is not dependent upon con- 
ditions of national emergency. Properly trained per- 
sons for chemical library work have been scarce ever 
since industries began to organize their own technical 
libraries. The work offers wide opportunity especially 
to the woman chemist, because women, by nature, are 
usually good at detail work, interested in writing, and 
equipped with the curiosity, intuition, and patience 
needed tohunt forand find facts. Theirchances for rising 
to administrative positions with correspondingly higher 
salary ranges are greater this way than via the labora- 
tory. True, the work is entirely of the desk variety, 
but many of the administrative positions held by men 
in chemical fields are desk jobs. As pointed out by 
Woodford (13), young men chemists often frankly ad- 
mit that they consider the laboratory a mere stepping 
stone to an administrative desk job. By offering vo- 
cational guidance and encouragement to women stu- 
dents who show interests in or qualifications for the tasks 
of the library chemist, the educators will not only be 
doing a service to industrial libraries; they will also be 
assuring the future career of the student. 
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Measurement of Dipole Moments 


PAUL BENDER 


University of Wisconsin, Madison, Wisconsin 


N RECENT years one of the most successful experi- 
ments offered in the undergraduate physical chem- 
istry laboratory course at the University of Wisconsin 
has been the determination of the dipole moment of 
nitrobenzene by a resonance method. The circuit 
employed! was of the low inductive coupling type, with 
a milliammeter in the plate circuit of the oscillator 
tube serving as the resonance detector. Continued ex- 
perience with this apparatus suggested that a more 
efficient circuit be developed; in particular, a more 
compact unit with an improved resonance detector was 
desired. 

Accurate tuning of modern broadcast and FM re- 
ceiving sets is facilitated by use of an electron ray or 
“tuning eye’’ tube as a resonance detector. The applica- 
tion of this principle to the problem at hand was being 
considered when F. C. Alexander? described an ingenious 
dielectric constant meter which he suggested would be 
suitable for student use. This instrument features an 
oscillator circuit, controlled by a quartz crystal, with 
an electron ray tube serving both as oscillator tube and 
as resonance detector. The principle of its operation, 
the snapping in of a quartz crystal when its characteris- 
tic vibrational frequency is reached, was first employed 
in dielectric constant work by Henriquez,’ and has 
beenapplied by Kipp and Zonen in a commercial appara- 
tus for dipole moment investigations. The introduction 
of the electron ray tube by Alexander resulted in a re- 
markably compact and efficient unit capable of very sat- 
isfactory accuracy. 

This circuit has been employed with minor modifica- 
tions in the construction of apparatus for student work, 
and it has proved so successful that it can be recom- 
mended without resetvation for use in other labora- 
tories. Detailed circuits for both the power supply and 
oscillator are given in Figure 1, and the completed units 
are illustrated in Figure 2. The power supply could, of 
course, be combined with the oscillator in a single cabi- 
net, but for pedagogical reasons it was considered pref- 
erable to keep the two separate. The two units are 
joined by a four-cable connector; a suitable combina- 
tion can be made from a standard tube socket and the 
base of an old four-prong tube. 

No extensive knowledge of electronics is required for 
en understanding of the operation of the instrument, 
which is a tuned-plate, tuned-grid, oscillator with the 
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3 HENRIQUEZ, P. C., AND A. W. RENAuD, “‘Accurate capacity 
measurements,” Physica, 2, 429-33 (1935). 


natural frequency of the grid circuit fixed by the quartz 
crystal. The coupling in this system—that is, the 
means by which energy can be transferred between the 
plate and grid circuits—is achieved through the plate- 
grid capacitance in the tube. The plate and grid act 


as the two plates of a fixed condenser of small capacity; . 


this condenser will not permit the passage of direct 
current, but only slightly impedes the flow of high- 
frequency alternating current. Inspection of Figure 1 


- shows that because of this property of the plate-grid 


combination the plate and grid circuits are actually 
connected in parallel for high-frequency alternating 
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FIGURE 1.—DIELEcTRIC CONSTANT METER AND POWER SUPPLY 
CrrculTs 


= 0.001-uf 450 w. v. fixed condenser 
= 0.01-uf 450 w. v. fixed condenser 
= 8-uf 450 w. v. fixed eondenser 
= dielectric constant cell 
= 50-uyf variable air condenser 
= 100-uuf variable air condenser 
= 40,000-ohm fixed resistance 
= 150,000-ohm fixed resistance 
= 15,000-ohm fixed resistance 
= 2000-ohm 2-watt fixed resistance 
. = 2.5-mh radio frequency choke 
= inductance: 50 turns, No. 26 wire, close wound on 
one inch form 
= 2-megacycle quartz crystal 
= power transformer, as Stancor P6010 
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current, although not for direct current. If, then, there 
is an alternating current in one of the two branches, it 
must flow in the other also: 

The quartz crystal has the special property of per- 
mitting free flow of alternating current of a frequency 
equal to the natural vibrational fréquency of the crystal 
while offering a high impedance to currents of other 
frequencies. For this reason oscillation can take place 
only if the natural frequency of the plate-tuning circuit, 
LC,‘ is adjusted to that of the quartz crystal by proper 
setting of the variable condensers, for it is only then that 
an alternating current can be generated in the system 
that the grid circuit will freely pass. ‘The radio fre- 
quency choke in the grid circuit prevents the high- 
frequency alternating current from short-circuiting the 
quartz crystal through the grid leak resistor, while the 
by-pass condensers C, and C; provide a low impedance 
path for it while blocking out direct current. When 
there is no oscillation, the only current flowing is due 
to the d. c.-voltage impressed by the power supply. 

/. The electron ray tube has a target electrode coated 

with a fluorescent material. The target is maintained 
by the power supply at a constant potential, positive 
with respect to the cathode, and an electron stream 
therefore flows from the cathode to the target, produc- 
ing the characteristic green fluorescence where it 
strikes. A control electrode is connected to the plate 
of the triode section and is therefore at the same poten- 
tial as the plate. The potential of this control electrode 
relative to the target determines the effect it will have 
on the electron stream producing the fluorescence. If 
the control electrode is made negative with respect to 
the target, the resulting potential distribution in the 
path of the electron flow from cathode to target deflects 
those electrons passing near the control electrode, and 
thus an electron image or shadow of it is cast on the 
fluorescent target. If the ray control electrode is now 
made less negative with respect to the target, the 
shadow angle will obviously be reduced. 

The full potential of the power supply is impressed 
between the cathode and target. When the circuit is 
not in oscillation, the potential of the plate and hence 
of the ray control electrode is held low with respect to 
the cathode because of the large potential drop across 
the resistor R, included in the plate circuit. The ray 
control electrode is therefore negative with respect to 
the target, and the “tuning eye”’ is open. 

If, now, the condenser C in the plate-tuning circuit 
LC is tuned from low capacity up, when the natural 
frequency of the circuit LC approaches that of the 
quartz crystal the condition of resonance is reached and 
oscillation setsin. A complete discussion of the complex 
process through which it arises cannot be given, but lat 
this point any slight variation in plate current is rapidly 
amplified in the circuit (which acts as a Class C ampli- 
fier) to the maximum amplitude permitted by the cir- 
cuit constants. An alternating current of high fre- 
quency then flows in the plate and grid circuits. 


4 f =1/2e+/LC, L measured in henries, C in farads. 
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The flow of electrons from cathode to plate in a triode 
is controlled by variation of the potential of the grid. 
When the circuit is not in oscillation the grid is at prac- 
tically the same potential as the cathode, and the cur- 
rent in the plate circuit is limited by the resistor R,. 
When oscillation begins the grid acquires a positive po- 
tential with respect to the cathode during part of each 
cycle, and during this time electrons flow to the grid 
from the cathode. Part of the electrons so acquired are 
trapped on the grid as return of electrons to the cathode 
must take place through the resistance R,, which be- 
cause of its high resistance allows only a slow “‘leakage’’ 
of electrons through it and so is termed the “grid leak’”’ 
resistor. The trapped electrons give the grid a negative 
d. c.-potential with respect to the cathode. The actual 
potential of the grid at any instant is the sum of this 
steady d.c.-potential and the instantaneous value of 
the alternating potential due to the oscillation. The 
magnitude of the grid leak resistance is chosen so that 
during most of each oscillation cycle the grid has so 
negative a potential with respect to the cathode that 
no electron flow from cathode to plate can take place. 
During the remainder of the cycle the alternating po- 
tential impressed on the grid has a sufficiently high 
positive value to counteract the negative d. c.-poten- 
tial, and hence electron flow from cathode to plate can 
take place. This flow consists of a series of unidirec- 
tional pulses, and corresponds to a d. c.-current with 
an a. c.-component superimposed on it. It is obvious 
that this d. c.-current is smaller than that which flows 
when the circuit is not in oscillation. 

This reduction in current through the tube as oscilla- 
tion sets in is illustrated in Figure 3. It results in a re- 
distribution of the potential drop around the plate cir- 
cuit: the potential drop from cathode to plate rises, be- 
cause the effective resistance of this unit increases 
while that of the plate resistor R, remains constant. 
The potential of the ray control electrode with respect 
to the cathode also rises, it becomes less negative with 
respect to the target, and the shadow angle decreases. 

If now the capacity C is further increased, the plate- 
tuning circuit will no longer be in resonance with the 
quartz crystal and oscillation will cease abruptly. 
There is a sudden jump in plate current, the potential 
of the plate with respect to the,cathode decreases, and 
the shadow angle suddenly increases; therefore as the 
condenser C is tuned through the resonance point by 
increasing capacity, the shadow angle will first gradu- 
ally decrease to a minimum?’ and then will suddenly 
widen out as the resonance point is passed and oscilla- 
tion ceases. This critical off-resonance capacity setting, 
characterized by the sudden widening of the shadow 
angle, is the point utilized in the dielectric constant 
measurements." 

The operation of the instrument is quite straightfor- 
ward. The dielectric constant cell containing the de- 
sired medium is set for minimum capacity, the standard 


5 Or by proper selection of Rp, for a particular circuit can be 


made to change to a narrow bright line. 
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condenser is set near the upper limit of its linear range, 
and the adjusting condenser is tuned to bring the plate 
circuit to resonance as shown by the response of the 
electron ray tube. The critical capacitance setting is 
then located exactly by meansof the standard condenser. 
The capacity of the cell is next raised to its maximum 
value, and the condition of resonance reéstablished by 
resetting the standard condenser, the adjusting con- 
denser remaining unaltered. The capacitance incre- 
ment in the cell is equal to the decrease in the capacity 
of the standard condenser required to reéstablish reso- 
nance. These same operations are carried out with air 
as the dielectric, and the dielectric constant of the 
medium is calculated as the ratio of the two capacitance 
increments : 


e = AC, (liquid) / AC, (air) 


The increments may be expressed in terms of dial divi- 
sions provided all settings are included in the linear 
range of the standard condenser. The calculation of 
the dipole moment of the solute from the dielectric 
constant data is carried out by the standard method. 
For student use it is desirable to provide a dielectric 
constant cell using a reasonably large volume of solu- 
tion, since errors due to volatilization of the solvent 
have been found inevitable with a small cell and an in- 
experienced operator. A very satisfactory unit can be 
made from a standard 50 micromicrofarad midget 
variable condenser; details of the assembly can be seen 
in Figure 2. All but two plates are stripped from both 
the rotor and stator of the condenser, which is mounted 
on a hard rubber block. The brass mounting strips 
holding the condenser assembly to the meter body also 
act as leads to the cell, and must be insulated from the 
metal cabinet. The rigid mounting so provided is ad- 
visable for high-frequency work. Brass pins are driven 
into the mounting strips to act as fixed rotor stops. 
Such a cell gives a maximum capacitance increment in 
air of approximately 12 micromicrofarads; introduction 
of additional rotor stops would permit the use of smaller 
capacitance increments. The liquid container used is 
made by cutting the rim from a 150-ml. pyrex beaker. 
The accuracy which can be obtained in the dielectric 
constant measurements is limited primarily by the de- 
viation ‘of the standard condenser from linearity. 
For this reason it is advisable to employ a condenser 
having plates as large as is commensurate with the re- 
quired capacity and the desired dimensions of the ap- 
paratus. The sensitivity of setting is very good; with 
a 4-in. Velvet Vernier dial successive resettings will 
tegularly agree to 0.1 dial division, the smallest incre- 
ment readable.“ Almost any good straight-line-capaci- 
tance variable condenser will be within 2 per cent of 
linear response over the central 80 to 90 per cent of its 
range; if a better condenser is available, the error in 
the dielectric constant measurements can be reduced to 
less than one per cent. It should be remarked that in 
humid weather performance may be erratic. It has 
been found possible to minimize this interference by 
tinsing the cell condenser plates with absolute alcohol 


_FicurE 2.—CoMPLETED DIELECTRIC CONSTANT METER AND 


POWER SUPPLY 
and drying with a gentle stream of dry air. 

In several years of student dipole moment measure- 
ments it has been found that the most important source 
of error is the determination of the concentration of the 
solutions used or of their densities. Best results are 
achieved by making up solutions by weight, using glass- 
stoppered volumetric flasks as containers, as in this way 
a simultaneous density measurement can be obtained. 
Nitrobenzene has been the standard subject for student 
work because it is readily available, inexpensive, and 
possesses a comparatively high dipole moment. With 
the present apparatus the necessary experimental 
measurements can easily be completed in a three- or 
four-hour laboratory period by the average student, and 
careful workers regularly obtain an accuracy of about 
two per cent in their results. If two periods are al- 
lotted for the experiment, investigation of such com- 
pounds as chloroform or orthodichlorobenzene is recom- 
mended for supplementary work. 
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Precision Condenser Setting : 
FIGURE 3.—VARIATION IN TRIODE PLATE CURRENT AS THE PLATE- 
Tuninc Circuit LC 1s TUNED THROUGH RESONANCE 
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HE solubility of a substance in individual solvents 
may be low and yet, in a mixture of these same 
solvents, be very great. For example, soap has been 
shown (1) to be very soluble in a mixture of a glycol 
with a hydrocarbon or a chlorinated hydrocarbon or an 
alcohol. This is termed ‘‘co-solvency.’’ Such a system 
is suited for lecture demonstration, because after pre- 
liminary swelling of the soap the dissolution occurs as 
fast as the soap can be mixed with the solvents—as 
quickly as if one liquid were being dissolved in another. 

The demonstration is best made by using propylene 
glycol as one solvent with chloroform as the co-solvent, 
and taking dry powdered sodium oleate as the soap. 
In each of two test tubes is placed 1 g. of sodium oleate 
powder (small compact masses, if any, should be first 
‘broken down to powder); into one is poured about 5 g. 
(5 ml.) of propylene glycol, and into the other 5 g. (3.5 
ml.) of chloroform. Each test tube is now well shaken. 
Plenty of undissolved soap will be found to remain in 
both. The contents of the two tubes are now mixed 
together and shaken. Immediately all the sodium ole- 
ate goes into solution in the mixed solvent, and the 
whole is absolutely clear. 

Alternatively, about 3 g. of finely powdered sodium 
oleate is taken in a smal] conical flask and shaken with 
10 ml. of propylene glycol to moisten it fully to a rather 
thick paste. Chloroform is now added in 1-ml. portions 
and the mixture is well shaken after each addition. 
Chloroform is almost a perfect nonsolvent for soap, the 
solubility being of the order of one part per thousand; 
however, the solution gradually becomes thinner and 
clearer with addition of chloroform, and on adding 3 to 
A ml. of the nonsolvent, complete solution occurs, re- 
sulting in a clear mobile fluid. This will clearly dem- 
onstrate how by the addition of a nonsolvent the sol- 
‘vent power of a liquid is profoundly increased. 

: * Bristol-Myers Company Post Doctorate Fellow in Chem- 
istry, 


Solvent Action and “Co-solvency’ 


A Lecture Demonstration 


SANTI R. PALIT* 
Stanford University, California 


When the customer examines what you make or asks smart questions about it, he 
is not only testing the product and the company, he is inquiring about you. 
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Though propylene glycol and chloroform were 
chosen here, this experiment can be successfully done 
with any of the following pairs of solvents: ethylene 
glycol, propylene glycol, or diethylene glycol with butyl 
alcohol, amyl alcohol, chloroform, or methylene 
chloride; propylene or diethylene glycol with carbon 
tetrachloride; propylene glycol with benzene. Al- 
though the last three liquid pairs are only partially 
miscible at room temperature, they can well be used in 


’ these experiments since they become completely mis- 


cible in the presence of sodium oleate. With suitable 
change of proportion of the amount of soap used, easily 
found by trial, the same experiment can be success- 
fully demonstrated with any other alkali metal soap 
such as laurate, myristate, palmitate, or stearate, or 
even with commercial soaps if they do not contain in- 
organic builders. 

Also, metallic soaps can be successfully used for these 
experiments. One combination tested for use in the 
first kind of experiment is 0.20 g. of finely powdered 
calcium laurate in each of the two test tubes with 5 ml. 
of chloroform and 3 ml. of propylene glycol, respectively. 
The calcium laurate is readily prepared by metathesis 
of dilute solutions of sodium or potassium laurate and 
excess calcium chloride, followed by washing the pre- 
cipitated soap free from chloride, and drying. 

A discussion of the mechanism of co-solvency which 
involves molecular solution, and its close relation to 
solubilization which in other solvents involves colloidal 
particles, is advanced elsewhere (2). 


The author is thankful to Prof. James W. McBain for 
suggesting the apt term ‘‘co-solvency”’ in the sense used 
herein and for his interest in this work. 


LITERATURE CITED 


(1) Pauit, S. R., J. Indian Chem. Soc., 19, 271 (1942). 
(2) Pauit, S. R., AND J. W. McBaIn, communicated to Ind. 
Eng. Chem., Ind. Ed., December, 1945. 


He wants 


to find out how competent you are at putting quality into everything you produce. It 
is much the same as if he watched you at your job and formed an opinion of your work- 
manship. The customer is the Chief Inspector supervising you and the foreman and 


the company. 
sells. 


What he likes and feels he can rely upon, he buys. 


He measures how much skill and quality go into the things the company 


It is the customer’s willing- 


ness to pay for quality and your determination to supply it that build sales and make 


more and better jobs. 
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The Phase Rule and Topology 


IRVIN LEVIN 
University of Maryland, College Park, Maryland 


INTRODUCTION 


HE phase rule and topology are members of two 

distinct sciences, chemistry and mathematics, yet 
the analogy between the phase rule and some topologi- 
cal results is close in some respects. Perhaps the few 
similarities are merely coincidental but since they do 
exist, they should be described. Topology has been 
applied to the qualitative study of dynamical systems 
and is fundamental to more complex mathematical 
concepts, such as Riemann’s theory of functions.' It 
seems possible that topological methods might also be 
applied to thermodynamic and physicochemical studies 
of phase rule equilibria problems. 

Some elementary topological results deal with the 
number of vertices (points), edges (lines), faces (areas), 
etc., of fixed or stretched geometrical figures and have 
nothing to do with their lengths or metrical properties. 
The phase rule also is dependent on numbers but these 
numbers are of phases, components, and degrees of 
freedom of physical systems. Then again, the phase 
rule is concerned with definite points of invariance such 
as triple, transition, eutectic; with lines of uni-variance; 
and with areas such as areas of homogeneous bi-variance 
or heterogeneous uni-variance—all being fixed by the 
physical system at equilibrium. Topological properties 
are not dependent on coordinates and neither is the 
phase rule per se, but of course the phase diagram is 
absolutely dependent on coordinates which determine 
the physical conditions of the system. 


PRINCIPLES OF TOPOLOGY AND THEIR RELATION TO 
PHASE DIAGRAMS 


In 1752, Euler derived a formula relating the number 
of vertices, edges, and faces of simple polyhedra, 
namely, polyhedra which have no “‘holes.’’ Courant 
and Robbins trace the historical and mathematical de- 
velopment of Euler’s and other topological formulas. 
Euler’s formula for simple polyhedra is given as 

V+F=E+2 (1) 
where V, F, and £ represent the number of vertices 
(points), faces (areas), and edges (lines), respectively. 
In order to prevent confusion with similar conven- 
tional symbols in the phase rule equation, P + F = 
C + 2, equation (1) will be written as 

vta=I+2 (2) 
in which v designates the number of vertices or points, 
dis the number of areas or faces, and J is the number of 
lines or edges. 

Now equation (2) applies only to ‘‘simple” poly- 


1 CouRANT, R., AND H. Rossins, ‘‘What Is Mathematics?” 
Oxford University Press, New York, 1943. 


A_SIMPLE POLYHEDRON A_NON- SIMPLE POLYHEDRON 


Ficure 1 FIGURE 2 


hedra and all phase diagrams can be shown to be of the 
simple geometric type. ‘‘Nonsimple’’ polyhedra! will 
be discussed later. Figure 1 shows a simple poly- 
hedron; Figure 2, a nonsimpJe one. Certain special 
phase diagrams may appear nonsimple but an assump- 
tion may render them simple. They will be described. 
below. 

Considering equation (2) further, it can be rewritten 
thus, 


l-a+I—v=-1 =(-1)! (3): 


Topologically, the 1 on the left-hand side of this 
formula represents one volume or one three-dimensional 
item. Equation (3) now follows the geometric se- 
quence: 


volume — area — line — point 


This is the natural scheme that is followed when, for 
example, a certain composition within a three-com- 
ponent three-dimensional isobaric diagram as Figure 1 
cools from the upper homogeneous miscible liquid phase 
down into the completely solid heterogepeous eutectic 
region. The last eutectic point E has a lower free 
energy than the other points in the diagram; it joins. 
thermodynamically one phase region with another. 
A two-component two-dimensional isobaric diagram as 
Figure 3 follows the geometrical cooling sequence: 
area (homogeneously bi-variant) — line (uni-variant) 
— point (invariant, eutectic). A one-component pres- 
sure-temperature diagram as Figure 5 behaves simi- 
larly. 
The more general theorem, of which equation (3) isa 
special case, is 
Sa — Sn-1 + .. = (-1)" (4) 
where S, represents the number of items of dimension 


n. Examples of the application of this equation are 
given below. 
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THE MEANING OF THE PHASE RULE, TOPOLOGICALLY 
EXPRESSED 


The phase rule is known as: number of phases + 
number of degrees of freedom = number of com- 
ponents + 2; or symbolically, 

P+F=C+2 (5) 


When this equation is placed in the form of general 
topological equation (4), the following is obtained: 


F = ~1 = (—1)* (6) 


Several assumptions can be made here based on equa- 
tion (4). The 1 on the extreme left and the exponent 
3 represent one generalized three-dimensional phase 
diagram. Then the phase rule written as equation (6) 
applies exclusively to three-dimensional phase dia- 
grams. As for two-dimensional diagrams, they are al- 
ways projections or sections cut from a three-dimen- 
sional model regardless of the number of components. 

Marsh? gives a brief discussion of the four sets of 
four variables which can be used to represent thermo- 
dynamically the physical states of the various phases 
of a system. One variable of the four in each set must 
be assumed constant so that a three-dimensional dia- 
gram can be visualized, or plotted and drawn. Nature 
does not allow us to plot the fourth variable or di- 
mension, so we must assume it to be constant and draw 
the resulting three-dimensional “‘projection.’’ Mathe- 
matically, of course, any number of dimensions can be 
considered simultaneously. Of the four sets, the most 
commonly used one contains the variables—tempera- 
ture, pressure, composition—and the Gibbs free energy, 
which is usually assumed constant in three-dimen- 
sional diagrams where the first three variables are the 
coordinates. Mellor? mentions van der Waals’ “‘psi’’ 
surfaces which utilize the variables—volume, composi- 
tion, and temperature—Helmholtz free energy assumed 
constant. The so-called thermodynamic surfaces of 
Gibbs are obtained from the variables—volume, in- 
ternal energy, and entropy—composition assumed con- 
stant. Slater‘ gives a few three-dimensional diagrams 
for water; Figure 5 is a projection of the pressure- 
temperature-Gibbs-free-energy phase diagram onto 
the pressure-temperature plane. 


2 Marsh, J. S., ‘‘Principles of Phase Diagrams,’ McGraw-Hill 


Book Company, Inc., New York, 1935. 
3’ MELLOR, J. W., ‘““Higher Mathematics for Students of Chem- 


istry and Physics,’’ Longmans, Green and Company, London, 


1919. 
4 SLaTER, J. C., “Introduction to Chemical Physics,’” McGraw- 


Hill Book Company, Inc., New York, 1939. 
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In the topology of nonsimple surfaces, a given 
surface (closed, one-sided, etc.) is placed in a certain 
genus, designated as p, which is equivalent to the num- 
ber of holes contained by the surface. A more general 
form of equation (1) which includes such cases is 


V+F=E+2-2 (7) 


where the number 2 — 2p is called the Euler character- 
istic. Further topological theory on this equation will 
not be discussed here. This formula is similar to the 
phase rule when modified as follows: 


P+F=C+2-r (8) 


where y may represent other variables, such as forces 
due to gravity, electric or magnetic fields, or capillarity, 

It should be noted that in equation (5), P, C, and F 
are the numbers of phases, components, and degrees of 
freedom, respectively, just as in equation (1), V, F, 
and E are the numbers of vertices, faces, and edges, 
respectively. Some correlation between phases and 
faces, components and edges, degrees of freedom and 
vertices may be possible. Thus for phase diagrams, 
the phase rule imposes physically what Euler’s equa- 
tion describes geometrically. Examples of this are 
given below. 


RELATION OF PHASE DIAGRAMS TO THE GENERALIZED 
EULER EQUATION 


These are also examples of the relation of geometric 
figures to the generalized phase rule. Asa first example, 
in order to become acquainted with equation (4), 
consider any triangle. It has one area, three edges, and 
three vertices. Checking according to equation (4): 


1-—3+3 =1 =(-1)? 


A cube gives: 
1 volume — 6 faces + 12 edges — 8 vertices = — 1 = (—1)! 


Figure 1 gives: 


1 volume — 7 faces + 15 edges — 10 vertices = 


-1 = (-1) 


The volume resembling a transformer core, as shown in 
Figure 2, is nonsimple and has p equal to 1. Substi- 
tuting in equation (7), 

16 vertices + 16 faces = 32 edges + 2 — 2 


The generalized equation (4) also applies to a two-di- 
mensional diagram such as the P-T diagram for water, 
Figure 5. It must be modified into Figure 6 to become 
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apparent. Phase diagrams showing liquid crystal 
phases and polymorphism can be treated similarly. 


A SPECIAL CASE 


Topologically, heterogeneous and homogeneous areas 
and volumes are treated similarly. When the nicotine- 
water type of system is considered in a two-dimensional 


VOLUME 


'et- 9 isobaric diagram, Figure 4 is obtained. Applying 
= equation (4) to the heterogeneous region B, A pes THREE - DIMENSIONAL PHASE DIAGRAM 
1 area — 1 line + O points = 0 FicurE 7 
This result would appear to give a nonsimple surface. 
However, if this area is considered to be filled with tie- 1. Practically all phase diagrams are of a simple 
Ces @ lines and the top and bottom critical points C and C’ nature as described above; certain assumptions must 
ity. Bare points where tie-lines approach zero dimensions be made for special cases. 
: 4 (points), 2. The phase rule and Euler’s equation are synony- 
mous. 
Ff, 3. The phase diagram can be treated topologically. 
es, # When Figure 4 is transformed into three dimensions, 4. Special cases as the nicotine-water system may 
ind # Figure 7 may be obtained. The heterogeneous conoid require assumptions which may not be physically cor- 
ind # seems to be a nonsimple polyhedron, since rect; these cases may require closer study. 
ms, 5. The introduction of other variables and dimen- 
ua- sions into phase diagrams may be described by topo- 
are § However, when the volume of the conoid is assumed to _Jogical methods and surfaces. 
be filled with tie-lines which approach zero dimensions Courant and Robbins mention the fact that topologi- 
ie at the critical curve, two half-conoids result, giving cal methods have some significance in ‘almost the 
for each one, whole of mathematics.” It is hoped that this article 
; 1 volume — 3 faces + 3 edges — 2 points = —1 = (—1)3 introduces at least in an elementary way work that is 
nic ; seas ‘ yet to be done on the phase rule. 
le, § Incidentally, the surface of a conoid is topologically 
4), § equivalent to a circle and this circle can be treated as ACKNOWLEDGMENT 
ind inthe example above. =~ The writer is indebted to Messrs. Lewis Greenwald 
Another aspect of the nicotine-water type of system and Jerome Rothstein for constructive discussions 
is that its free-energy surface contains a hole or dent at and criticisms on topological principles. . 
the solubility gap, resulting in a nonsimple surface 
whose genus is 1. REFERENCES 
-1)8 FInDLAY, A., ‘‘The Phase Rule and Its Applications,’’ Longmans 
CONCLUSIONS Green and Company, London, 1923. 
; Rivett, A. C. D., ‘‘The Phase Rule and the Study of Hetero- 
These may be summarized as follows: geneous Equilibria,” Oxford University Press, London, 1923. 
-1) 
in 
sti- 
**Ideas and knowledge are not easy for the individual to acquire unassisted, but once “- 
di- they take form they have a persistence and longevity that defy destruction. Time and ee 
ef, again attempts have been made to destroy an idea by muzzling or putting to death the 
bin man in whose brain it was formed and to prevent the spread of knowledge by denying 
men access to it and by stealing or burning the books in which it is recorded. The 
Athenians sought to stop the mouth of Socrates by condemning him to drink the hem- 
lock, but the thoughts he had uttered had gone forth and could not be stopped. They 
live today; and neither death nor years have silenced the man who said, ‘I cannot hold 
my peace, for that would be to disobey God.’ On clay tablet and on stone, on papyrus 
\ and on parchment, with chisel, pen, and printing press men have recorded their 
\ thoughts. The languages in which they write have been forgotten; time has ravaged Ee 
? and vandals have burned and obliterated records; but the dead languages are rediscov- 


ered, scholars piece together the fragments, the tales pass downward through the gen- 
erations in verse and legend. The ideas multiply in active minds and are repeated and 
spread by hundreds of devices. No artificially created void can be made secure against 
the infiltration of knowledge or be sufficiently sterile not to create or recreate the truth. 
Men who attempt to destroy or withhold knowledge succeed only in creating a stronger 
.demand for it.—George A. Stetson, Editor, Mechanical Engineering. 
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HE woods of America 

hold fabulous industrial 
potentialities which only 
await the magic wand of re- 
search to give them actual- 
ity, according to Robert S. 
Aries, research associate of 
the Polytechnic Institute 
of Brooklyn and expert on wood utilization. Dyes, 
tonics, and insect repellents are among the unexploited 
substances of our woods. Perfumes, flavoring ex- 
tracts, decay inhibitors, gums, alcohol denaturants, 
textile sizes, can all be extracted from trees. 

The wide horizon of possibilities includes the chemi- 
cal utilization of bark which has hardly been touched 
commercially and of which millions of tons are wasted 
annually. With improved technology and the aid of 
the chemical engineer the essence or “concentrated 
virtues” of trees may revive the diminished fame of 
the forests in the Northeast. These forests should be- 
come as much of a valued asset today as they were in 
the past. Millions of pounds of natural tannin from 
bark recognized as the best for tanning leather are im- 
ported annually from Central and South America. 
Other imports are antiseptic agents, resins, fireproofing 
materials, tonics, special medicinal preparations, and 
beverage flavors. Tree leaves of cut lumber, now 
wasted, could supply all the necessary chlorophyll for 
medicinal or deodorizing purposes. In addition, these 
leaves have large quantities of carotene, a vitamin use- 
ful to both humans and animals. 

Besides the well-known maple syrup, the forests of 
the Northeast can supply us with birch, juniper berry, 
sassafras, and cedarwood oil, all of which have an ex- 
cellent market and command high prices. Other oils 
such as Canada balsam are noted for their medicinal 
properties and as a cement for glass, which has a high 
refractive index. So far no synthetic materials have 
been able to duplicate this oil as a cement for glass. 

Most existing industrial plants in this country for 
the extraction of oils from wood are obsolete, Mr. Aries 
points out, and the waste is tremendous. Mechaniza- 
tion in the woods plus better techniques of steam dis- 
tillation in the plants will make utilization of the whole 
tree economical. 


Decorated 


Military decorations have been so abundant as to be 
almost commonplace. Nevertheless, it is encouraging 
to see some awarded especially for scientific prowess. 
Two have been called to our attention: 

The Legion of Merit, awarded to Lt. Col. Bernard 
Lewis, who ‘‘furnished professional leadership to achieve 
exceptional records in the development of rifle grenades, 
hand grenades, and fuses for both weapons.” Dr. 
Lewis, an expert on explosives and combustion, is the 
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author of a work, ‘‘Combustion, Flames, and Explosions 
of Flares.” 

The Order of the British Empire, awarded by King 
George VI to Dr. (also Colonel) Enrique Zanetti, of 
Columbia University. He was previously awarded the 
Legion of Merit by the War Department. Dr. Zanetti 
served in both World Wars in the Chemical Warfare 
Service and is a well-known authority on incendiaries, 
He served as consulting expert on chemical warfare to 
the League of Nations in the 1920’s. As early as 1936 
he warned in newspapers and scientific journals that 
the incendiary bomb, rather than gas, would be the 
disastrous weapon of the next war. The importance of 
gas, he declared, has been overemphasized. He lec- 
tured to the New York City fire deparment on the in- 
cendiary bomb and methods for fighting it. 


Canadian Professions 


Comparative data on professional graduates are 
given in a study entitled, “Supply and Demand in the 
Professions in Canada.’”’ The study covers such classes 
as doctors of medicine, clergymen, dentists, lawyers, 
pharmacists, and bachelors of applied science. Only 
the last of these has shown a greater rate of increase 
from 1921 to 1944 than the general population increase 
of the country. 

It is interesting to note that chemistry is defined 
broadly as ‘‘The study of the atomic constituents of 
matter, their relations and affinities.” 


New Institute 


To meet the need of a thorough educational program 
in engineering, production, sales, service, and factory 
management for its employees and for its returning 
veterans, an Institute of Refrigeration and Air Con- 
ditioning has been established by the York Corpora- 
tion. The only one of its kind in the industry, the 
school has a potential capacity of 1000 students an- 
nually. Designed to cover every phase of refrigeration 
and air conditioning, the Institute will provide courses 
ranging in duration from a five-year cooperative en- 
gineering course run in conjunction with Pennsylvania 
State College, to a two-week ‘‘refresher’’ course. 

For the time being, two divisions of the Institute are 
being reserved exclusively for returning York veterans. 
These are the comprehensive apprentice training 
courses, covering 13 different trades, and the York- 
Penn State cooperative course, both of which are rec- 
ognized by the Veterans Administration. Under the 
so-called ‘‘G. I. Bill of Rights,” students will receive 
all or a portion of the funds needed to pay the educa- 
tional expenses, depending upon the duration of the 
military service. 

Stewart E. Lauer, president of York, declared that 
only through intensive and continuing study, can those 
in the rapidly expanding refrigeration and air-condition- 
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ing field hope to pass on to the public the benefits of 
the newest advances in design, manufacture, and serv- 
ice. At the Institute, he continued, students will be 
paid to attend while they learn everything about the 
specialized field of mechanical cooling, in which York 
has been a leader since 1885. 


Safety Engineering 


Four leading engineering colleges have been selected 
by the National Safety Council to develop programs 
for the training of industrial safety engineers. They 
are the Illinois Institute of Technology, Georgia School 
of Technology, the Engineering College of the Univer- 
sity of California, and the College of Engineering at 
New York University. Each of these institutions rep- 
resents an important geographical section of the na- 
tion and, to a considerable degree, varying industrial 
interests. It is proposed that the work at each institu- 
tion be developed along the following lines: 


|. Integrate safety into all regular engineering 
courses where applicable. 

Reorganize and reéquip all laboratories and shops 
so as to incorporate true safety practice as a 
proper example to all students. 

Develop in cooperation with industry in the 
several areas a program of safety engineering 
on the graduate level for engineering grad- 
uates who have been out in industry and have 
become active and interested in safety work. 

4. Endeavor to enhance the standing and reputa- 
tion of the profession of safety engineering. 


Flammable Liquids by Air 


Foreseeing increased demands for air shipment of 
inflammable materials and gases, provision has been 
made by the scheduled airlines to investigate the fea- 
sibility of flying various types of these commodities. 
The study will be made by the Shippers’ Research Di- 
vision, recently formed by the 24 United States flag air- 
lines comprising the Air Transport Association of 
America, for the purpose of studying and preparing 
regulations dealing with the safe movement of hazard- 
ous items by air carriers. 

The first class of materials to be probed will be in- 
flammable liquids. Such considerations as lowering a 
flash point with altitude, significance of explosive 
limits, spontaneous ignition temperatures, vapor pres- 
sure, and other points have never been evaluated, and 
therefore a study of these properties as they affect 
sale air transportation is felt to be necessary. 


More Nuclear Energy 


@xploring nuclear reactions in the higher energy 
ranges may prove the key to usage of atomic energy 
much more efficiently than by the fission process, ac- 
cording to some opinions. Fission only gives us about 
one-thousandth of the potential energy—some ‘10 
billion kilowatt hours per pound—locked in the nuclei 
of all kinds of matter. The reactions that occur in the 
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pile are those performed with energies in the range of 
10,000,000 volts, while the most energetic laboratory 
radiation available until recently, obtained with the 
cyclotron, was under 40,000,000 volts. 

With the newly developed 100,000,000-volt betatron 
a whole new energy range between 50,000,000 and 100,- 
000,000 volts is under investigation. By learning how 
to generate the still higher energy particles of the cos- 
mic rays—up to 1,000,000,000 volts—we may be able 
to unlock new domains in the nucleus. 


Within the Atom 


A new booklet in the Westinghouse “Little Science 
Series’’ has just appeared, entitled ‘“The World Within 
the Atom.” In simple fashion it brings one up to date 
on subatomics, not neglecting (of course!) nuclear 
energy. It may be had free from School Service, 
Westinghouse Electric Corporation, , 306 Fourth 
Avenue, Pittsburgh, Pennsylvania. 


Restock the Libraries 


Another appeal has been made for books and periodi- 
cals to restock foreign libraries destroyed in the War. 
Contributors are asked to send a list of books or maga- 
zines they can furnish to George A. Stetson, Editor, 
American Society of Mechanical Engineers, 29 West 
39th St., New York 18. Shipping instructions will be 
announced later. 


College Teachers from the Armed Forces 


Bulletin 29 of the Office of Scientific Personnel of the 
National Research Council (2101 Constitution Avenue, 
Washington 25, D. C.) outlines the procedure by which 
educational institutions may effect the release of nec- 
essary teachers from the armed forces. 
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(Courtesy of the Rohm & Haas Company) 
PLEXIGLAS FISHING 


Plastic Hatch Covers, Windows Used on Work 
Boats 

Plexiglas, a transparent acrylic plastic, appears for 
the first time on a fishing boat in the wheelhouse win- 
dows and forward hatch cover of the ‘‘Poggy,” a 38- 
foot vessel built in San Diego. Though the plastic has 
been utilized before in pleasure craft, this is its initial 
entry into the commercial boat field. 

The wheelhouse windows are made of one-quarter- 
inch Plexiglas; the forward hatch cover is of three- 
quarter-inch Plexiglas, sandblasted to make it trans- 
lucent. This hatch cover is particularly successful be- 
cause it diffuses light in such a way that there is more 
light below in the two forward bunks when the hatch is 
on than when it is off. This spreading of light rays 
means that the interior dries much faster, and dry‘ rot 
is prevented. The hatch cover and windows were 
fabricated by Rohm & Haas in its Southgate, Cali- 
fornia, plant, and attached in San Diego. 


Science Writing Fund 

The American Association for the Advancemement of 
Science has announced the establishment of the George 
Westinghouse Science Writing Award Fund to give na- 
tional recognition to newspaper writers and newspapers 
contributing most to better popular understanding of 
the achievements of science and technology. Dr. F. R. 
Moulton, permanent secretary of the Association, said, 
the fund will be administered by the A.A.A.S. “‘to help 
develop closer cooperation between scientists and news 
writers in keeping the public informed of scientific de- 
velopments which more and more affect our lives in 
this atomic age.”’ 

In addition to encouraging news writers of press as- 
sociations, as well as newspapers themselves, to culti- 
vate general sources of science news in their commun- 
ities and the marshaling of the 27,000 scientist-mem- 
bers of the A.A.A.S. to this end, the fund provides two 
annual awards: (1) a cash award of $1000 to a news- 
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paper writer for outstanding science reporting of the 
year, and (2) a citation to the newspaper whose science 
news coverage in the preceding year is adjudged most 
complete and authoritative and most interestingly pre-. 
sented. 


Dyes 

“Insistent demand for dyes today from the textile, 
paper, leather, and many other industries finds the 
American dyestuff industry in a far better position to 
meet all domestic requirements than at any peacetime 
period in its history,” says George W. Burpee, president 
of General Aniline & Film Corporation. 


Navy Training 

The Navy Department plans to ‘“‘buy research” from 
universities under a program involving millions of 
dollars. Terms of contracts already signed with a 
number of schools give educators wide latitude to 
“initiate, explore, teach, and publish.” 

In contrast to wartime emphasis on practical proj- 
ects, the current program encourages fundamental re- 
search in electronics, nuclear physics, medicine, chem- 
istry, mathematics, and flight. The program’s by- 
product, the Navy hopes, will be the training of young 
scientists to make up in part the shortage of 17,000 
technically trained men caused by the draft. 

The Navy is setting up offices in Chicago, Boston, 
New York, and San Francisco to stimulate the research 
programs. Schools may propose projects through 
these offices or by writing to Dr. Alan Tower Waterman 
at the Navy Office of Research and Inventions, Wash- 
ington 25, D.C. 


X-rays from the Betatron 

Using X-rays from the 100,000,000-volt betatron, 
physicists in the General Electric Research Laboratory 
in Schenectady have succeeded in producing mesons 
artificially, one of the chief constituents of the cosmic 
rays continually bombarding the earth. 

The betatron has opened up for laboratory explora- 
tion a new energy range, between 40,000,000 and 100,- 
000,000 volts. Although this just reaches the lower 
limits of the cosmic rays whose energies go up to 
billions of volts, many types of reaction in the atomic 
nuclei have been observed which could not be accom- 
plished with lesser energies. 

The meson, hitherto known only through cosmic ray 
studies, is a particle considerably more massive than 
the electron, though lighter than the proton. Mesons 
are produced in the atmosphere high above the earth’s 
surface by the primary cosmic radiations from outer 
space and last, on the average, but a few millionths of a 
second. When the 100,000,000-volt betatron at the 
General Electric Research Laboratory was completed 
and X-rays of that voltage—five times as great as any 
previously produced—were generated, it seemed that 
artificial production of mesons might be possible. A 
research with this object in mind was started in 1943. 

The Wilson cloud chamber, important tool for the 
study of cosmic rays and nuclear particles, has been 
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used in these researches. It is a glass-ended cylinder 
containing a mixture of gas and water vapor, in which a 
piston moves back and forth. As the vapor is ex- 
panded, a particle such as an electron or a meson pass- 
ing through leaves a threadlike trail of fog consisting of 
fine droplets of water which condense on the gas mole- 
cules that have been broken or “‘ionized’’ by the pass- 
ing particle. Thus, the greater the ionizing power of 
the particle, the heavier the track it leaves. This is 
one way of distinguishing between different kinds of 
particles. Also the chamber can be placed between 
the poles of a powerful magnet. This may cause paths 
to curve and thus more can be told about the nature of 
the particle which caused them. The G-E experi- 
menters used two such chambers, one eight inches and 
the other 12 inches in diameter. In the former argon 
gas was used along with the water vapor, and either 
air or hydrogen in the larger. 

While the betatron can be operated continuously 
to produce a beam of high-voltage X-rays, in these ex- 
periments it was used in single pulses, each pulse syn- 
chronizing with the expansion of the gases in the cloud 
chamber. No one can remain safely in the machine 
room during the operation of the betatron, so the cham- 
ber is automatically photographed. These pictures 
have revealed many kinds of tracks, mostly from elec- 
trons and protons, which may easily be distinguished 
from each other. Electrons of the full 100,000,000- 
volt energy leave tracks which are considerably thin- 
ner or of less density than protons. 

A number of tracks were photographed of interme- 
diate density. These indicate particles of intermediate 
mass and can only be attributed to mesons, their identi- 
fication being confirmed by other evidence. The 
mesons appeared in greatest numbers when the beta- 
tron was operated at voltages between 80,000,000 and 
100,060,000. At 70,000,000 volts they were much less 
numerous, and below 60,000,000 volts very few were 
detected. Most of the mesons studies were of masses 
between 100 and 200 times that of an electron, although 
some were detected of as low as 20 electron masses. 


Heat-Resistant Insulator 


A property of the new silicone material which prom- 
ises great use is the way in which its electrical insulat- 
ing quality holds up at high temperatures. It is said 
that silicon glass laminates, layers of glass subjected to 
heat and pressure, are so resistant to heat that whole 
new areas in the electrical insulating field may be 
opened up. After a week’s baking in a hot oven, it 
actually gets better and better, whereas most materials 
would deteriorate. 


Professional and Vocational Briefs 


A series of 52 briefs on the professions has just been 
made available through the Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington 
25, D. C., at five cents each. They were writtem by 
members of the staff of the National Roster of Scientific 
and Specialized Personnel. Each brief is pocket- 
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sized and consists of from 12 to 16 pages. The infor- 
mation is intended'to acquaint men in uniform with 
opportunities for training and employment after they 
are discharged from service. The chemist and chemi- 
cal engineer are among those mentioned. 


Computer 


The Consolidated Engineering Corporation has just 
placed on the market the Consolidated Electrical Com- 
puter Model 30-103. This instrument was developed 
to fill the increasingly urgent need for a fast, accurate 
method of solving linear simultaneous equations and 
provides the means for the rapid and accurate solution 
of any number of simultaneous equations up to and 
including twelve. 

Originally developed for mass spectrometer and in- 
fra-red data where it materially reduces the computa- 
tion time without lessening the accuracy of the analyses, 
the usefulness of the Consolidated Electrical Com- 
puter extends to any other field of application involving 
linear simultaneous equations, such as those occurring 
in the study of electrical circuits, structures, aircraft 
flutter analysis, and statistics, and is of real value to 
many industrial and scientific groups for solving prob- 
lems otherwise too arduous and time-consuming. 


Veterans in High Schools 


Spotlight to date is on the veteran seeking college or 
post-high-school education. But these make up only 40 
per cent of the veterans planning to go to school. The 
National Education Association is focusing its atten- 
tion on the 60 per cent who still have to finish high 
school. Not only housing, but readjusted secondary 
school courses, teachers skilled in adult education 
methods, and teaching tools comparable to those used 
in the Army are lacking for these men. Hence, NEA 
is creating a special veterans’ education unit to help 
schools of less-than-college grade with their bulging 
veterans’ enrollments. 


Food 

Americans get 3300 calories of food a day, Britons 
2900, Russians 2000. Two thousand calories is about 
as little as a man can eat and still retain some degree of 
health. But below that level in hungry Europe today 
is the average Dutchman existing on 1630 calories, the 
Parisian on 1500, the Norwegian on 1115, the Greek on 
970, and the German on 900 to 1300. Since nobody 
can eat an average, which is an abstract figure and not 
edible food on the table, many people across the Atlan- 
tic will starve to death waiting for theirs to come 
around. 


Radar 

The fascinating story of how decades of pioneering 
in communications research and development enabled 
American scientists to fashion modern radar into one 
of the most powerful weapons of the war is graphically 
told in a booklet entitled ‘““Radar and Your Tele- 
phone,” issued by the Bell Telephone Laboratories, 
463 West St.. New York. 
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Here and There the Literature 


“"ENHE romance of pharmaceutical education,” in 

the Squibb Memoranda for December, amounts to 
a brief history of pharmaceutical education. As in the 
case of other professions the establishment of better 
standards in the educational program is the principal 
feature in the advance of the profession itself. 


@ ‘The antiseptic properties of surface active agents,”’ 
in the December Dvestuffs, was a paper read before the 
American Oil Chemists’ Society. It includes a certain 
amount of original research, principally with Nacco- 
nols. 


@ The last installment of ‘‘Oil through the ages” 
appears in the February Shell News. It deals prin- 
cipally with the development of the Mid-Continent 
fields. 


In 1853, years before Drake opened his well in Pennsylvania, 
a Federal Indian agent reported that in the Choctaw country in 
what is now southeastern Oklahoma, ‘‘The oil springs in this 
nation are attracting considerable attention, as they are said to 
be a remedy for all chronic disease. Rheumatism stands no 
chance at all, and the worst cases of dropsy yield to its effects. 
The fact is that it cures anything that has been tried. A great 
many Texans visit these springs, and some from Arkansas. 
They are situated at the foot of the Wichita Mountains on the 
Washita River.”’ 


The whole series is well summarized: 


The petroleum industry is an integral part of America’s his- 
tory, having virtually “grown up” with the country. In a 
comparatively short span of time petroleum has become one of 
the most important factors in the development of our modern 
world. Its influence is felt in far corners of the globe; it affects 
every social and economic quarter. Petroleum has come a long 
way in this short time: from the days of salt wells and flatboats 
we have reached the miles-deep well and the current compre- 
hensive systems of transportation; from kerosene and rock oil 
to the now-familiar 100-octane gasoline, toluene, and butadiene. 
Petroleum has changed our methods of living, our concepts of 
time and space and distance. 


@ According to the February Imperial Oil Review, 
“‘Petroleum’s most versatile product’’ is kerosene. 


Probably no phase of the evolution of civilized man is more ex- 
citing than the development of artificial light from the first 
primitive wicks, floating in shallow stone lamps filled with animal 
oil, to the shining electric globe of today. Kerosene, derived 
from crude petroleum, played the star role in this drama... . 

But kerosene, first commonly useful product to be derived from 
petroleum, promises now to become more, rather than less, 
important. Its greatest value has been transferred from the 
sphere of light to that of speed, and kerosene has come into its 
own asafuel. The new jet propelled fighter plane that promises 
to revolutionize flying uses a special turbo-fuel of which kerosene 
is the chief ingredient... . 

How the Canadian scientist, Dr. Abraham Gesner, discovered 
kerosene in Halifax about 1850 is a romantic story of the way in 
which the country’s natural products were turned to the service 
of the people who came here to make it their own. 

Dr. Gesner was born in Cornwallis, Nova Scotia, in 1797, and, 
after a medical education in London, England, returned to prac- 
tice in Parrsborough, N. S. With his interest in medicine and 


1 For the company and address of a magazine cited, see the 
January, 1946, issue of Turs JouRNAL, pp. 38-39. 


surgery he coupled an intense enthusiasm for geology and 
mineralogy which was heightened by the rocks and minerals fie 
found along the Minas Basin. 

This country doctor knew what it was to ride his horse through 
wind, snow, and sleet in answer to an urgent call on a dark 
winter’s night. He may well have known the tragedy and 
frustration of trying to operate by feeble candle light only to have 
a sudden stormy gust of wind fling wide the door and quench the 
candle flame. Had the light not failed at a crucial moment, he 
might have saved the sick farmer even then. Such things hap- 
pened in those days. 

The 18th century in which Dr. Gesner lived was an age of great 
scientific discovery and he worked in many fields before he made 
his great discovery, a light-giving oil. In 1836 he published a 
book on the geology and mineralogy of Nova Scotia and two years 
later he was appointed Provincial Geologist of New Brunswick. 
Later he returned to Nova Scotia and there his interest in the 
possibilities of better lighting was stimulated further by a 
meeting with the original discoverer of illuminating gas, Lord 
Dundonald, Admiral of the Fleet at Halifax. 

The two men enthusiastically agreed to do some experimenting 
together. Lord Dundonald was working on asphaltum from the 
pitch lake of Trinidad, but Dr. Gesner sought to extract illumi- 
nating oil from some local product and began to experiment on 
coal and other bituminous substances until one day he got an 
oil that looked as if it might give a satisfactory light. It wasa 
tense moment as the scientist friends drew the curtains and 
applied a light to the oil. It did burn with a clear radiant light. 

Joseph Howe, another great Canadian who was then provincial 
secretary of Nova Scotia, hailed the discovery and the apparatus 
Dr. Gesner contrived to burn it in with enthusiasm. The 
government placed the lighthouse at Meagher’s Beach under Dr. 
Gesner’s exclusive control for one month so that he might keep 
regular and accurate data on his experiment. The experiment, 
madein December, 1852, was an exciting success. The kerosene 
lamp gave a stronger, steadier light than there had ever been in 
any lighthouse before and could be maintained in any weather. 


@ An article in the February Pure Oil News entitled, 
“Artistry in glass began with a blow pipe,”’ tells of the 
development of the Blenko Glass Company. It is one 
of many examples of the close connection between per- 
sonal episodes and the technical development of small 
industries. A number of fascinating pictures show the 
craftsmanship necessary in the production of fine glass 
tableware. 


@ The January Bakelite Review specializes, as usual, 
on recent new uses of plastic products. Among these 
are vacuum cleaners and electric trains. For next 
Christmas the latter will appear made entirely of 
plastic, except, of course, for the electric parts. 


@ One usually associates Dow Chemical with bromine, 
magnesium, and styrene; however, caustic soda is 
described as ‘‘Dow’s workhorse product”’ in the January 
Dow Diamond. The article explains the uses of sodium 
hydroxide for the most part, with pictures of some of 
the steps in its production. 


@ The Lion Oil News, in its February number, dis- 
cusses the old question, ‘How long will our oil Jast?” 
The answer is intended to relieve fears of an early short- 
age, principally by an optimistic view of the likelihood 
of new discoveries. The methods of seismographic 
prospecting for oil are illustrated in some detail. 
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@ The American Druggist (572 Madison Avenue, New 
York 22) begins a series in its January issue of sketches 
entitled, ‘‘Men who discovered the elements.’”’ The 
material is adapted from ‘‘The Discovery of the Ele- 
ments,’’ by Mary Elvira Weeks, one of the family of 
publications by the JOURNAL OF CHEMICAL EDUCATION, 
to which due credit is given. 


@ Vitamin research comes in for some close attention 
in both the January and February numbers of What's 
New. “B-complex complexities” and ‘Highlights of 
recent vitamin research” are both intended primarily 
for consumption by the medical profession, being 
heavily loaded with clinical data. Biochemists will 
appreciate : 

Within the past decade there has been an advance in bio- 
chemistry of almost epochal proportions. Paradoxically, the 
great magnitude of the discoveries has not received the attention 
it deserves from the group most likely to reap practical benefits 
from them; physicians, as a whole, have had only occasional far- 
off glimpses of this vast edifice which is being built by the labors 
of countless chemists. Perhaps the reason for this is that the 
new body of knowledge is still waiting for the advent of a mind 
sufficiently versatile to encompass all its details and to synthesize 
them into a single, consistent, and readily grasped theory. 


e An illustrated bulletin comes from the Hercules 
Powder Company entitled, ‘“The Thanite Family.” 
It is a book on toxicants for the rapidly growing 
American insecticide industry. Thanite, an active 
toxicant mixture, is principally isobornyl thiocyano- 
acetate and is often used with other agents, as DDT. 
The toxicity and use of these substances and mixtures 
are dealt with. 


@ The following is from the February Industrial Bulle- 
tin of Arthur D. Little, Inc.: 


PROMISING ELEMENT 


Beryllium products were so scarce during the war that imports 
of ore by air from South America were sometimes necessary, and 
the total imports soared to ten times the prewar figure. With 
the end-of the war, demand slackened and producers can now 
seek new outlets. Considerable interest is being devoted to 
beryllium compounds, the first form in which beryllium was 
used, although the metallic form later overshadowed them. 

“Beryllia,”’ as beryllium oxide is commonly known, can be used 
as a refractory at extremely high temperatures, around 4000° F., 
where it is said to show high electrical resistivity and thermal 
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conductivity and the best resistance to rapid changes in tempera- 
ture of any commercial refractory. Fused beryllia can be ob- 
tained to almost any desired mesh characteristic and is adaptable 
to producing shaped ceramic objects. It has been considered 
for crucibles for casting metals which melt at unusually high 
temperatures, as well as for electrical insulators, combustion 
tubes, linings for high-temperature furnaces, and similar applica- 
tions. Recent work indicates that by special fabrication refrac- 
tory bodies of fused beryllia can be rendered gastight. Beryllia, 
widely used in the ‘“‘phosphors”’ coated on the inside of fluorescent 
lamps, extends the color range and intensity of the tube’s glow. 
Beryl, the ore of beryllium, has long been used in vitreous enamel 
compositions to clarify chrome colors; now beryllia can report- 
edly be used to advantage with the less active beryl. 

Beryllium sulfate is used with zinc and cadmium salts to 
increase the glowing period of phosphorescent compositions, 
such as have been used in direction indicators for blacked-out 
ships and in printing inks for after-dark advertising displays. 
Compounds of beryllium with stearic and similar organic acids to 
form ‘‘soaps’’ are useful as additives to make the viscosity of 
printing ink more uniform. The potentialities of the beryllium 
compounds have not yet been thoroughly investigated, but 
enough has been learned to suggest them as additives for many 
specialty applications. 

Copper alloys containing about two per cent beryllium show 
remarkable retention of elasticity; even under conditions of heat 
and corrosion, springs made of this alloy are unusually uniform 
in strength. The alloy is also unusually hard, conductive of 
heat and electricity, corrosion resistant, and low-sparking. It 
was used extensively during the war in precision instruments, air- 
craft-engine components, Signal Corps apparatus, and safety 
tools for munitions plants. Other alloys containing as little as 
0.1 per cent beryllium are less expensive and give promise, es- 


- pecially where high electrical conductivity is required. 


Beryllium as a pure metal remains a rarity because of the 
difficulty of producing it; it is used principally for X-ray tube 
windows, where its heat resistance and high transmission of 
X-rays are attractive. Beryllium is the lightest of the stable 
metals, but so brittle that it has not been used structurally, even 
if its cost is disregarded. Alloys of 40 per cent beryllium and 60 
per cent aluminum are remarkably elastic, tough, and machin- 
able, but too costly. Beryllium has advantages as the ‘‘mod- 
erator’ for slowing neutrons in the plutonium pile used in 
atomic-bomb production, but was rejected in favor of graphite 
because beryllium was not available in sufficient quantity. 

_ Beryllium products are derived principally from beryl, crystals 
of which must be hand picked from the associated materials. 
Deposits exist in the western United States, but the leading 
western-hemisphere sources are Brazil and Argentina. Beryl 
contains only four to five per cent beryllium and must go through 
complex and costly processing before beryllium oxide is obtained. 
Fabricated twe-per-cent-beryllium copper costs at least $1.12 
per pound, but has beenin greatdemand. Beryllium compounds 
are similary expensive, but many specialty applications well worth 
the price have been found, and more are expected. 


The use of catalysis in our laboratories has been known to us for about a hundred 
years, but the human body has employed this scheme of surface chemistry through 
countless ages. The human body catalysts are the vitamins, hormones, and enzymes 
that circulate in the blood stream to initiate and promote the innumerable chemical 
reactions without which breathing, thinking, consciousness, digestion, and life itself 
would cease. When we see a diabetic unable to assimilate the small amounts of sugar 
that get into his system and observe how quickly this defect is corrected by a dose of 


insulin, we comprehend the p 


and function of a catalyst.—Hugh S. Taylor. 
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The Properties of Animal Glue 


H. B. SWEATT 


Animal Glue Information Service, New York, New York 


NIMAL glue is a good illustration of an age-old 

product whose use has been widely extended by 
the application of scientific principles to an ancient 
art. 
There are evidences that animal glue has been known 
and used for over 30 centuries. Stone carvings of the 
ancient city of Thebes include one at least 3300 years 
old, depicting the gluing of a thin piece of rare wood to 
a yellow plank of sycamore. A pot of adhesive is being 
heated over a fire and several samples of veneered and 
inlaid woods can be seen. One of the figures is spread- 
ing glue with a brush, and a piece of dry glue with its 
characteristic concave fracture is shown. 

Other evidences of early gluing practice include furni- 
ture pieces taken from the tombs of Egyptian Pharoahs. 
These were dovetailed and joined with glue and nails. 
That glues were used at the beginning of history for 
purposes other than woodworking is demonstrated in 
the writings of Pliny, the Roman, who refers to their 
use in Egyptian paints. 

Animal glue has been mentioned in literature since 
200 a.p., but it was not until 1690, in Holland, that the 
first commercial glue plant was erected. Ten years 
later a factory was established in England. A half cen- 
tury later patent literature began to register glue ad- 
vances. The first reference in this literature to bone 
glue (all early animal glues had been made from the 
hides or skins of wild animals) appeared in 1814. 

The manufacture of animal glue began in the United 
States in 1808. For almost 140 years it has been a 
basic industry linking farm and factory. Despite its 
long history, however, animal glue did not realize its 
maximum potentialities until certain fundamentals 
about its technical nature were fully developed. These 
fundamentals, clarified by progress in protein and col- 
loid chemistry, and accompanied by the development 
of definitive testing methods, have established animal 
glue as a fully engineered material holding promise for 
research and practical applications in the plant. 


CHEMICAL AND PHYSICAL PROPERTIES 


The terms “‘animal glue’ and the more familiar “‘gela- 
tin’’ are interchangeable when discussing their chemical 
properties inasmuch as they differ only in that animal 
glue has not been refined as fully as gelatin. 

Generally, animal glue can be defined as a protein de- 
rived by hydrolysis from collagen, the chief organic 
constituent of skin and bones; however, it is still not 
certain whether glue is the result of a hydrolysis of 
collagen or an intramolecular rearrangement. One 
empirical formula of animal glue that has achieved 
some acceptance is (Cio2HisoOs9Ng1)N with a molecular 
weight of about 34,900. Owing to the complexity of 


gelatin molecule. 


the molecule, no acceptable structural formula has been 
arrived at. 
amount of research directed at protein in general, to 
explain some of the structural features of the glue- 
X-ray diffraction data, combined 
with analysis of amino acids produced by decomposing 
gelatin, have yielded the best, but still highly conjec- 
tural, structural formula. Like other proteins, glue is 
amphoteric, reacting as a weak base or weak acid. 
Hide glue made with alkali precursor has an isoelectric 
point of 4.7. Bone glue made with an acid precursor 
has an isoelectric point of 8.3. 

When “dry,” animal glue in its commercial forms of 
powder, pearls, and sheets is an odorless solid, tan to 
dark brown in color, with a specific gravity of approxi- 
mately 1.36, at a moisture content of 10 to 14 per cent. 
Tensile strength tests on better glues have shown them 
to run from 5000 to 10,000 pounds per square inch, or 
considerably higher than the 2000 to 3000 pounds per 
square inch of most commercial woods. The adhesive 
strength of these glues is also generally above the tensile 
strength of most woods. 

Anhydrous animal glue is unknown, since on dehy- 
dration irreversible changes occur. The important 
properties of glue, however, are those exhibited in solu- 
tion. Glue is so obviously a colloid that the term ‘“‘col- 
loid,”’ which is Latin for glue-like, was coined by the 
English physicist, Graham, to describe materials of 
like behavior. Glues have been used in the laboratory 
probably more than any other material in demonstrat- 
ing the colloidal phenomenon. 

The most striking and useful properties of glue aside 
from its adhesive character, are those dependent upon 
its being a reversible emulsoid colloidal gel. High- 
grade glues will form a gel containing as little as one 
per cent solid at temperatures below 15°C. Above 
35°C. gelation takes place at varying glue concentra- 
tions. Below 15°C. glue shows a specific rotation of 
a = —813°, while above 35°C. it exhibits a specific 
rotation of dp = —141° with intermediate specific ro- 
tations between 15° and 35°C. These properties, 
among others, indicate that glue exists in two forms— 
a sol form stable above 35°C., and a gel form stable 
below 15°C., with mixtures at intermediate tempera- 
tures. These forms are completely reversible and are 
obtained at will. This property of glue is made use of 
in many industrial processes. 

Animal glue is completely insoluble in most organic 
solvents. An analytical procedure for gelatin, using 95 
per cent alcohol as a precipitant, is based on this prop- 
erty. There are various reagents which react upon 
glue films to render them moisture-resistant, formal- 
dehyde and potassium dichromate being the best known. 
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Dried glue will keep indefinitely. Glue solutions 
should be held at working temperature of approximately 
140°F. As the temperature rises beyond 140°F., hy- 
drolysis proceeds more rapidly, breaking it down into 
its component parts. Inasmuch as adhesive strength 
is related to the average molecular weight of glue, fur- 
ther hydrolysis of the protein with the resultant lower- 
ing of the average molecular weight results in a lowered 
adhesiveness. Like other organic matter, glue is sub- 
ject to structural breakdown. Whether chemical 
change is caused by overheating or other factors, it 
follows the same general path of progressive breakdown 
of the protein molecule into proteoses, peptones, 
amino acids, and finally ammonia. Sixteen amino 
acids have been identified in the degradation products 
of glue, of which glycene and proline are the most im- 
portant. 

Glue does not occur as such in nature. It is formed by 
heating animal skins, connective tissues, and bones in 
the presence of water. The reaction is chemical, and 
not simply one of solution. Through hydrolysis a por- 
tion of the water molecule combines chemically with 
the animal matter. The speed of this reaction varies 
with the temperature. 

By-products of the glue-making process include grease 
for soap makers, nitrogen feed for poultry and certain 
livestock, and fertilizer of high ammonia content. 

The manufacturing process is a complicated one, 
calling for rigid technical controls throughout. Today 
the manufacture of animal glue is classified as a process 
industry employing chemical engineering unit opera- 
tions. As the processing of glue stock requires substan- 
tial capital investment in raw materials and fixed plant 
equipment, glue manufacturing is carried on by a rela- 
tively small number of companies. The glue industry 
is currently consuming over a million dollars worth of 
chemicals in processing 1,500,000,000 pounds of raw 
stock to produce 150,000,000 pounds of finished dry 
glue. Measured in terms of employment, capital in- 
vested, value of output, and diversity of product appli- 
cation, animal glue is the most important member of 
the adhesives family. 


GLUE TESTING 


Laboratory testing of glue may involve as many as 
ten distinct physical and chemical tests, each related 
in some fashion to the performance of glue in the appli- 
cations for which it is intended. A host of uses have been 
developed for animal glue, the common denominator of 
which is their reliance on its adhesive properties. 
Many methods of directly determining the adhesive 
strength have been devised. It has been found, how- 
ever, that the most reliable and the most easily dupli- 
cated results could be obtained by determining two 
physical properties, jelly strength and _ viscosity. 
Both have a direct relationship to adhesive perform- 
ance. 

Apparatus used to determine jelly strength i$ the 
specialized Bloom Gelometer, in which a 12.5 per 
cent glue jelly brought to a temperature of 10°C. is 
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tested for resistance to deformation. A quantity of 
shot is caused to flow into a pan supported by a spring. 
The deflection of the spring is transmitted to a blunt 
probe extending from the underside of the pan to the 
glue gel. When the pan has moved down 4 mm., an 
electrical contact stops the flow of shot. The weight of 
shot needed to obtain this deflection is a function of 
jelly strength and is readily duplicated. 

The Bloom Gelometer is a lineal descendant, through 
many stages, of the empirical tests made by gluemakers 
during the past hundred years. In 1844 Peter Cooper, 
one of the earliest American glue makers, proposed a 
system of testing the jelly consistency of glue. For 
lack of equipment, finger probing was used. Cooper re- 
tained standard glue samples corresponding to the 
grades he established and measured all glue runs against 
them. Prior to the advent of more scientific testing 
methods, the Cooper standards were widely used. 

The other property of animal glue having an impor- 
tant relationship to its adhesive quality is viscosity. 
This is determined by the use of a calibrated viscosity 
pipet. Viscosities are reported in millipoises and jelly 
strength in grams of shot. Table 1 indicates the glue 
grades adopted as standard by the National Association 
of Glue Manufacturers in 1923. 


TABLE 1 
Association Jelly Strength (g.) Viscosity (mp-) 
Grade Grade Range Grade Range 
1 0 26 20 23 
2 27 46 24 27 
3 47 69 28 32 
4 70 94 33 39 
5 95 121 40 47 
6 122 149 48 56 
7 150 177 57 64 
8 178 206 65 72 
9 207 236 73 80 
10 237 266 81 89 
11 267 298 90 98 
12 299 330 99 108 
13 331 362 109 108 
14 363 394 120 130 
15 395 427 131 142 
16 428 460 143 155 
17 461 494 156 168 
18 495 526 170 185 


When the jelly-strength, viscosity relationship of a 
sample is such that it does not fit into any of the stand- 
ard grades, covering customer requirements, the glue is 
blended with other batches to produce a regular grade. 
This blending enables the glue industry to use a wide 
range of raw materials and still produce standard 
products. 

While the tensile strength of glue is of importance in 
many applications, testing of this property has not been 
extensive because of the difficulty of specimen prepara- 
tion. This same difficulty has militated against exten- 
sive direct tests of adhesive strength as a control pro- 
cedure. Such tests, however, have been made con- 
tinually by the Forest Products Laboratory and glue 
manufacturers as guides for industrial users. 

The melting point, which for glue has been defined as 
that point where less than one per cent of the gel form is 
present, is a function which generally parallels the jelly 
strength. This test, however, is rarely used. 
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The pH of glue solutions is regularly determined as 
-an aid in manufacturing control and as a guide to glue 
utilization in various applications such as paper and 
textile sizings. 

Several other properties of glue—such as optical rota- 
tion, swelling capacity, and setting rate—have been 
used at various times as indicative of grade, but have 
been largely abandoned in favor of the tests for jelly 
strength and viscosity. 

Glue destined for mechanical spreader application is 
tested for foaming by a simple test tube shaking proce- 
dure, or by use of an electrical beater that tests the 
amount, the type, and the building quality of foam. 
Foaming properties are then controlled by the addition 
of antifoam agents. 

A test for grease is made by observing the presence of 
undyed droplets in a smear made by a mixture of glue 
and water-soluble dyes. Grease-free glue is required 
for certain sizing applications. For adhesive uses, 
small inclusions of grease are tolerated. 


INDUSTRIAL USES OF ANIMAL GLUE 


Animal glue is known traditionally as a woodworking 
adhesive; however, three-fourths of the glue that is 
produced today is used outside this field—as coatings 
and sizings, bindings, adhesives, and composition and 
colloidal agents. 

As an adhesive, animal glue is characterized by high 
sheer strength and has long been used with paper, felt, 
leather, fiber, wood, and similar materials. Millions of 
pounds of animal glue are used each year for sizings 
and coatings. Protective coatings are applied to tex- 
tiles, papers, floor coverings, packaging materials, and 
gaskets. Glue coatings are used both in the weaving of 
yarn and in textile finishing processes. Bank, writing, 
ledger, and currency papers are sized with glue to en- 
able them to resist water and ink, withstand wear, and 
also to facilitate erasure. Twisted paper, sized with 
glue, can be fashioned into strong and durable reed 
furniture. 

Animal glue also possesses ready miscibility. It 
mixes readily with such materials as clay, sawdust, and 
various chemicals. This quality finds application in 
match heads, doll head composition, frescoes, wood 
composition, cork composition, and so on. 

As a colloidal gel, glue is used in the manufacture of 
printing rollers, shoe polishes, and hectograph plates. 
Useful also as a protective colloid, animal glues are 
valuable in electro-metallurgic processes. The addition 
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of glue even in small amounts prevents crystallization 
and thus makes for smooth, hard deposits of copper, 
tin, silver, etc. Glue is also used in acid pickle baths to 
remove scale from iron and steel prior to galvanizing. 

As an illustration of the new uses to which animal 
glues have been put, we might examine the process of 
warp slashing in rayon weaving. Unlike silks and other 
natural yarns, rayon possesses none of the natural oils 
required as lubricants during the weaving process, 
Satisfactory trade acceptance of the synthetic yarn de- 
pended upon the discovery of a coating or size that 
possessed high adhesive properties, did not hinder the 
natural elongation of the yarn, and was easily removable 
at the dyers’ and finishers’. This was one of the most 
important of a host of chemical and mechanical prob- 
lems created by the advent of synthetic yarns. Rayon 
consists of many parallel filaments. Running rapidly 
through the weaving looms, these filaments are subject 
to high friction and elongation. The yarn may be 
“picked” as many as 180 times a minute at the looms, 
As each pick results in a stretch of two inches, the 
elongation per minute is 360 inches. Animal glues are 
almost universally used in rayon mills for ‘warp slash- 
ing.”’ Administered through size baths prior to weav- 
ing, the glue coating binds the filaments together to 
prevent abrasion or chafing at the looms. Glue sizings 
are highly elastic, allowing the yarns to elongate natu- 
rally. In addition, they are easily removable at the 
dyers’ by low temperature scouring, thus eliminating 
the danger of adverse effects on the dyeing process. 
Today glue manufacturers maintain extensive labora- 
tory testing programs, designed specifically to solve 
the sizing problems of the rayon mill. 


THE CHEMIST IN GLUE MAKING 


Animal glue manufacture, like many other indus- 
tries that had their beginnings in rule-of-thumb proc- 
esses, is now a field to which the activities of the chem- 
ist and the chemical engineer, through the exercise of 
science and technical skill, have become indispensable. 
Further advances in colloidal and protein chemistry as 
well as chemical engineering should make the role of the 
chemist and the chemical engineer even more important 
in this industry. 

Animal glue manufacturers contemplate a busy 
period during reconversion and after. Huge quantities 
of glue will go into many products and processes and 
will call for further experimentation with controls in 
glue manufacture and application. 


Summer Courses in Chemical Microscopy at Cornell 


Instruction in chemical microscopy will be offered at Cornell University during the coming 
summer session, which begins July 1 and continues for six weeks. The introductory course covers 
micrometry and particle-size determination, optical properties of crystals and their behavior, lens 


systems and illumination, photomicrography, and studies of textile and paper fibers. 
microscopical inorganic qualitative analysis will also be given. 


A course in 
By correspondence in advance, 


persons not desiring university credit may arrange to cover, in a shorter term, those portions of the 


field most suited to their needs. 


Inquiries should be addressed to C. W. Mason, School of Chemi- 


cal Engineering, Cornell University, Ithaca, New York. 
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ORROSION is one of the most important chemical 
reactions taking place in this age of metals. The 
anual corrosion bill is estimated to be well over one 
billion dollars. This billion dollar chemical reaction is 
passed over rather lightly in college chemistry, and it is 
not until the chemist enters the metal industry that he 
realizes its importance and implications. 

Most corrosion processes are electrolytic in nature, 
resulting from the contact of two dissimilar metals in 
the presence of an electrolyte, or from any of the other 
conditions that give rise to an electric cell. Two ar- 
ticles, one by Burns? and the other by Brown,’ give the 
general picture of the electrolytic nature of corrosion. 
These electrolytic corrosion reactions obey the ordinary 
laws of electrochemical reactions. Furthermore, it is 
reasonable to expect that if we could oppose the current 
produced by such a reaction by one equal to it the re- 
action should be stopped. Several general principles 
should be kept in mind: 

(1) The anodic member of a metal couple is usually 
the one that corrodes. 

(2) The electrochemical series is not a true indica- 
tion of the metal which is anodic in natural corrosive 
media. For example, in a 1-molar sodium chloride solu- 
tion zinc is anodic to aluminum, as is true in most 
natural surroundings. 

(3) In the control of corrosion by application of ex- 
ternal currents, side reactions sometimes take place. 
Thus, aluminum, zinc, and lead even when cathodic, are 
attacked by the accumulation of alkali around the 
cathode if the current density is too high. 

In the course of his work the author has performed 
a few experiments which seemed suitable for demon- 
strations of the electrolytic nature and control of corro- 
sion processes. These are not the only ones that might 
have been selected, as other metals and other conditions 
than those to be described would serve the same pur- 
pose. 


EXPERIMENTAL 


The corrosive action of sodium chloride solution (0.05 
per cent) upon iron and aluminum strips was selected 
for this demonstration. These metals are particularly 
suitable because their action with salt solutions is 
rapid and the corrosion products are voluminous, so 
that results are clearly visible. Since aluminum is 
amphoteric, it behaves somewhat differently than iron, 
although if time is limited the demonstrations involving 
iron are better. 

Metal strips 4 in. X 1 in. X '/3 in., drilled and fitted 
for electrical connections, were used. The inert elec- 
trode was a graphite rod one quarter in. in diameter. 

Electrolytic control of corrosion is best shown by 
applying voltage to the metal strip immersed in the 
salt solution, using the graphite rod as the other elec- 
trode. Direct current of proper voltage is necessary 

a address, Goodyear Research Laboratories, Akron, 

10 

2 Burns, R. A., ‘‘Mechanism of corrosion processes,’’ Am. Soc. 


Testing Materials "Bull., 126, 17-20 (1944). 
3 Brown, R. H., “Galvanic corrosioa,” ibid., pp. 21-6. 


Electrolytic Control 
of Corrosion 


RONALD B. SPACHT! 


The National Bronze and Aluminum Foundry Co- 
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and if possible the temperature should be kept between. 
140° and 150°F. if good results are to be obtained 
within 24 hours. A Slomin Electroanalyzer is very well 
suited for this demonstration. 

The polarity and the voltage of the metal strip may 
be changed to give different results. Four setups in- 
volving iron are shown in the following diagram. 
Shaded portions indicate the approximate quantities of 
Fe(OH); observed after 24 hours. 


NaCr 
SOLUTION 


3 4 


The oon table shows the conditions used and. 
the approximate results obtained. 


TABULATION OF EXPERIMENTAL CONDITIONS AND RESULTS 


Code Applied 
number Anode Cathode voltage Observation 
1 Fe e 1 Large deposit of Fe(OH): 
2 ft Fe 1 Moderate Fe(OH): 
3 Cc Fe Slight deposit Fe(OH): 
4 Control None Less Fe(OH): than in number I 
but more than number 2 or 3 
5 € Al 2 Moderate Al(OH): 
Al 2 Large deposit Al(OH): 
7 c Al 1 Slight deposit Al(OH); 
8 Control None More AI(OH); than number 7,. 


less than number 5 or 6 
DISCUSSION 


Examination of the first four results shows that the 
iron is protected only when made the, cathode and is 
completely protected only when a certain minimum 
voltage is exceeded. Making iron the anode accelerates. 
its corrosion, as shown in number 1. 

Aluminum behaves differently than iron. In gen- 
eral, it corrodes less rapidly. Aluminum will corrode 
when made the cathode if the current density is too 
high as shown in number 5 in the table. This is ex- 
plained by its reaction with the accumulated alkali 
around the cathode at these high current densities; 
however, at one volt practically all corrosion is stopped 
when aluminum is the cathode. 
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HEMISTRY texts for use in secondary schools 
give scant attention to nitrites. A typical para- 
graph of some six or eight lines conveys the informa- 
tion that nitrites are prepared by reduction of nitrates, a 
specimen equation follows, and the paragraph con- 
cludes with the statement that nitrites are used in the 
manufacture of dyes. This last phrase is capable of 
much misinterpretation, for there are many dyes that 
do not require the use of nitrites for their preparation. 
Neither the text nor the laboratory manual provides 
material for experimental] use. 

The paragraph in question may serve the needs of the 
beginning student, but it is far from satisfactory for the 
instructor. Every teacher of chemistry should have a 
background of knowledge much beyond that required 
for the beginner. To the end of providing material for 
experimental purposes the following are suggested. 

1. Preparation of a Nitrite. Put 8 g. of sodium ni- 
trate and 20 g. of clean lead in an iron crucible, a small 
hemispherical sand bath, or a porcelain evaporating 
dish. Set the container on asbestos gauze on a large, 
supported iron ring, and apply heat. Hold the dish 
firmly with the tongs and, when the materials have 
melted, stir steadily with a glass rod. A yellowish 
substance, lead oxide, PbO, gradually forms. Continue 
until it is evident that the reaction is complete. Then 
let the dish cool. When only moderately warm, add 
25 ml. of hot water (look out for steam!), heat again, 
and stir until the material has disintegrated and the 
bottom of the dish feels smooth under the end of the 
stirring rod. Transfer the entire contents to a filter. 
When all the liquid has run through, evaporate the 
filtrate until a drop on the end of the stirrer becomes 
solid on cooling. The melt may now be poured into a 
small test tube where it forms a white stick of solid 
sodium nitrite when cold. 


Pb + NaNO; — NaNO; + PbO 


If preferred, the material may be left in the dish, with 
stirring as long as possible to prevent the formation of 
a flat hard cake which is not easily removed. Finally, 
the solid may be removed by means of a sharp knife 
and ground in a mortar to a fine white powder. 

2. Test fora Nitrite. Dissolve a bit of sodium nitrite 
in a small amount of water and pour a few drops of this 
solution into a dry test tube held at an angle of about 
45 degrees so as to form a wet streak along the tube. 
Now pour down this streak a few drops of a solution of 
diphenylamine dissolved in concentrated sulfuric acid. 
If a blue streak forms, the presence of a nitrite is indi- 
cated. 


HIGH-SCHOOL CHEMISTRY 


Nitrites 
CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


196 


3. Nitrites in Water Supply. Decaying organic 
matter forms ammonia; this is converted into nitrites 
by the action of bacteria, and the nitrites in turn be- 
come nitrates. Four degrees of oxidation are repre- 
sented in the series. The presence of nitrites in potable 
water suggests contamination. To test for nitrites in 
such waters, try the following: fill two 100-ml. gradu- 
ated cylinders with distilled water; to one of them add 
about half a gram of powdered sodium nitrite and stir 
until all is dissolved. Now add a few milliliters of a 
solution of sulfanilic acid in sodium carbonate to each 
cylinder, and acidify with dilute hydrochloric acid; 
no change will be seen. Now add to each a few milli- 
liters of a solution of alpha naphthylamine in acetic 
acid; a pink liquid appears in the cylinder containing 
the nitrite. 

4. Ammonium Nitrite. This substance is used as a 
source of nitrogen in the laboratory. Since the nitrite 
is quite unstable, nitrogen is prepared as wanted by 
heating a solution of sodium nitrite and ammonium 
chloride. 


NaNO, + NH,Cl NaCl + + Nz 


A liter of nitrogen obtained in this way weighs a little 
less than a liter of nitrogen obtained from air. This 
discrepancy led Ramsay and Rayleigh to investigate, 
with the eventual result that the rare elements of the 
atmosphere were discovered. 

5. Amyl Nitrite. This liquid is a powerful heart 
stimulant. If the experimenter who prepares it in- 
hales some of the vapor, he will feel his face growing 
warm due to a sudden inflow of blood. This effect is 
not dangerous. Persons who are subject to fainting 
spells may carry a little pocket case containing ‘‘amyl 
nitrite pearls,’ small bulbs of glass containing a few 
drops of the liquid. One of these crushed in a handker- 
chief and the vapor inhaled will avert the spell by 
bringing a flow of blood to the head. 

To prepare amyl nitrite, 18 ml. of amyl alcohol and 
7 g. of sodium nitrite are placed in a flask with 5.3 ml. 
of concentrated sulfuric acid dissolved in 20 ml. of 
water. The liquid is agitated and warmed slightly. 
The amyl compound forms as a greenish liquid. Water 
is now added and the liquid portion transferred to a 
separatory funnel where the liquids separate, the ni- 
trite on top. The lower layer is drawn off and rejected. 
The remaining liquid is washed with a little sodium 
carbonate solution to remove traces of acid, and the 
colorless layer, after standing a minute or two, is re- 
moved. The remaining nitrite is now transferred to a 
clean dry test tube, a few pieces of calcium chloride 
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added, and the tube corked and allowed to stand over- 
night. In the morning the dry nitrite is transferred to 
a sample tube or vial, tightly stoppered, and labeled. 


C;HnOH + NaNO: + H2SO, NaHSO, + H20 + C;Hu NO. 


6. Preparation of Fast Green. Ten grams of re- 
sorcinol and 6.3 g. of sodium nitrite are dissolved in 50 
nil. of cold water. The solution is now acidified with 
hydrochloric acid and the dye forms as a yellowish 
brown powder. After standing some time the powder 
is filtered off and dried. The equation is: 


OH 


+ 2NaNO, + 2HCl > 


NOH 


+ 2NaCl + 


7. Application of Fast Green to Wool. In any dye- 
ing operation the goods must first be soaked in water, 
otherwise the dye will not go on evenly. Soak a skein 
of white wool yarn thoroughly in water. Dissolve a 
very small amount (0.5 g.) of ferrous sulfate in 100 ml. 
of water. Remove the wool from the water, squeeze, 
and boil it in the solution of ferrous sulfate. The wool 
is now mordanted. Remove, squeeze, and put the wool 
in a bath of 50 ml. of water and a small amount of the 
solid dyestuff (or in the filtrate obtained in part 6). 
Bring to a boil and the green will develop on the goods. 
Remove, squeeze, and dry between sheets of blotting 
or filter paper. 

8. Preparation of Chrysoidine. Dissolve 5 g. of 
aniline hydrochloride and 3 g. of sodium nitrite in 30 
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ml. of cold water. Acidify with dilute hydrochloric 
acid. Pour slowly into a water solution of 4.2 g. of 
metaphenylene diamine. The dye forms according to: 
the following equations: 


CsHsNH2HCl + NaNO, + HCl > 
CsH;—-N=N—Cl1 + NaCl + 2H.0 


CsH;—N=N—Cl1 + CsH,(NHe)2 

HCl 
Immerse the wet-out goods in a bath of this dye, boil, 
remove, squeeze, and dry. 

9. Preparation of Bismark Brown.’ Dissolve 5 g. 
of metaphenylene diamine and 3 g. of sodium nitrite in 
50 ml. of water and acidify with dilute hydrochloric 
acid. The dye forms as a fluffy powder and is filtered 
off and dried. Dye a ‘“‘wet-out” skein in some of this 
dye. 

According to one theory, a molecule of the tetrazo- 
tized compound combines with two unchanged mole- 
cules as shown below. 


NH, 
—N=N—/ \—N=N— 
H,N— 


Another theory states that two diazotized molecules 
combine as shown. 


NH: 


NH; 
| 


| 
NZ 


There are thousands of dyes whose preparation re- 
quires the use of sodium nitrite. The above are just 
examples of such use. 


(1) Stone, C. H., Tuts JouRNAL, 22, 380 (1945). 
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Illustration and Demonstration 


in Elementary Volumetric Analysis 


C. C. MELOCHE AND R. J. CARNEY 


HE teacher of quantitative analysis as a rule 
insists on individual laboratory experience, often 
without supplementary demonstration; however, Kol- 
thoff (7) and Willard (12) have emphasized the impor- 
tance of the demonstration in this connection. Kolthoff 
(7) has described several useful experiments, and Fowles 
(5) has described others that are readily adaptable, but 
for the most part the instructor should follow the same 
outline of experiments that is followed by his students 
in the laboratory. Often he must devise his own ex- 
periments. Gould (6) has outlined the characteristics 
of a good demonstration; and Selberg (11), after listing 
the most frequent errors made by the teacher-demon- 
strator, has suggested a plan for improving the tech- 
nique of science demonstrations. Rakestraw (10) 
and Baker (2) have discussed the limitations of the lec- 
ture demonstration as a method of instruction. 

Illustration and demonstration of the experiment 
which the student is called upon to perform are par- 
ticularly helpful to the less gifted student who has 
difficulty in the laboratory and also appeal to the 
student who wishes to make an intelligent plan before 
he begins a laboratory exercise. With small groups of 
students, experimental demonstration is an excellent 
method of instruction not only in regard to required 
laboratory work but also in regard to other quantita- 
tive analytical methods with which the student is ex- 
pected to be informed. With large groups of students 
lantern slides and motion pictures may often be used 
advantageously to supplement or even replace the ex- 
perimental demonstration. Either method may be 
used advantageously to show the essential technique 
involved. 

Unfortunately, the privileges of reading, study, and 
the solution of stoichiometric, chemical, and physico- 
chemical problems do not in themselves constitute moti- 
vation to some students; however, many of these same 
students can be interested by the privilege of doing ex- 
perimental work in the analytical laboratory or wit- 
nessing a good demonstration of such work. If by 
this means the student is eventually induced to want 
and to acquire all possible information and experience 
with regard to the subject in which he was at first only 
partially interested, the state, the educational insti- 
tution, the parents, and the student are all likely to 
realize a better return on their investment. 

Ordinary lantern slides and the epidiascope are well 
suited for the projection of charts, tables, diagrams, 
still pictures, equations, methods of calculation, and 
printed matter in general. The projection of ap- 
paratus without the aid of a lantern slide (5) and the 
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use of the shadow screen (1) will sometimes prove ef- 
fective, especially when enlargement is simultaneously 
accomplished; but the realism of an actual experiment 
can best be conveyed by means of a motion picture. 
When color is not involved, or at least not critically in- 
volved as in the manipulation of a transfer pipet or in 
the preparation of a colorless standard solution by 
weight, an ordinary black and white film may be 
ample; but when color is critically involved, as in the 
demonstration of most visual end points or in working 
with colored solutions such as permanganate or bi- 
chromate or iodine, motion pictures in color are prac- 
tically indispensable. Those who have used this teach- 
ing aid are unanimous in their praise. The faithfulness 
of reproduction, particularly of end points, the clarity 
of definition, the accuracy of detail, all enhanced by 
natural color, combine to give a nearly perfect im- 
pression. In addition there is the real advantage that 
considerable enlargement makes possible just as com- 
plete instruction for students in the back seats as for 
those in the front. Such results cannot be accom- 
plished in actual experimental demonstration before 
very large classes, even by the use of large flasks and 
beakers, since much of the other necessary apparatus 
cannot be obtained in corresponding sizes. The main- 
tenance of true proportion throughout, as well as actual 
color, results in the student’s obtaining so accurate 
a picture that the unnecessary repetition of experi- 
ments on his part is often avoided. The element of 
fatigue in the initial instruction is minimized to a large 
degree and the rate of instruction is such that much 
more ground can be covered in a given period of time. 


PRELIMINARY ARRANGEMENTS 


When the services of a photographer are available, 
the instructor may personally conduct the experiments 
which are photographed; however, the performance 
of the photographed experiments by a deft assistant has 
the advantage that the subject is brought more nearly 
to the student level, while the instructor is free to oper- 
ate the motion picture camera. The technique of 
color photography will not be discussed. Needless to 
say, modern screens and generous floodlights should be 
provided. A high-grade camera with an accurate lens 
is indispensable. Colored films are recommended 
whether the color is critical and essential or merely 
incidental. One may economize by taking charts, 
tables, calculations, legends, etc., on black and white 
films. If these items are properly spaced, the black 
and white films may be cut and the parts spliced into 
the colored films at the proper places. 
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The colored films prepared to demonstrate experi- 
ments should be sufficiently detailed so that no steps 
are omitted which are new and unfamiliar to the 
student. In particular the careful (dropwise) ap- 
proach to all end points should be the rule. Any defi- 
nite warning before the end point should be made ob- 
vious if possible. 
clearly shown and subsequently the effect of a slight 
excess of the standard solution. Also by photograph- 
ing the back and forth titration, the reversibility (or 
nonreversibility) should be demonstrated. Finally, by 
means of a close-up the entire end point should be re- 
emphasized. If the demonstration of the end point 
is the principal object, much time can be saved by ar- 
ranging to use only a small volume of the standard 
titrating solution. A touch of color in the clothing of 
the operator will make the picture more interesting. 

The pictures and demonstrations here listed have 
been classified under a few general subjects and ar- 
ranged in the serial order in which they would normally 
be used. The technique should be that which is 
recommended to or required of elementary students 
and not of necessity that which might be required in 
more advanced work. The present outline includes 
more demonstrations than would usually be attempted 
experimentally, but the entire outline could be covered 
by means of moving pictures if one hour per week were 
used for this purpose during the time usually set aside 
for a fairly intensive study of volumetric analysis by 
chemists and chemical engineers. An attempt has 
been made to include the various subjects that are 
treated: in an elementary course at different institutions 
so that the individual instructor can make his own 
choice. The well-planned demonstration will always 
relate the observed facts to modern theory. Otherwise, 
emphasis placed entirely on laboratory methods and 
skills may result in the training of automatons unable 
to apply the information which they have acquired. 
The most benefit is derived by the student if necessary 
precautions, common errors, interfering substances, 
and chemical equations are discussed when the demon- 
strations are conducted or the pictures shown. A cer- 
tain amount of theoretical material has therefore been 
included which the instructor may emphasize or not as 
suits his purpose. Some of this theoretical material 
may advantageously be written on the blackboard be- 
forehand rather than be included on slides or movie film. 
Experimental demonstration in an elementary course 
must for the most part be confined to the simple opera- 
tions of ordinary visual methods. Nevertheless, oc- 
casional brief reference to potentiometric methods will 
help to hold the interest of the more ambitious and en- 
thusiastic student. 

The following outline includes pictures, demonstra- 
tions, and other illustrative material which, in the 
light of several years’ experience by the authors with 
colored motion pictures and experimental demon- 
strations, seem to be most important and effective. 
The reader is referred to leading modern texts for de- 
tails. These texts have been listed by Diehl (3). 


The precise end-point color should be _ 
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USE OF THE ANALYTICAL BALANCE 

The ultimate dependence on the analytical balance 
of all quantitative results in volumetric and gravimetcic 
analysis should be emphasized at the outset. Most 
teachers of quantitative analysis would consider that 
at least items 1, 2, 5 to 11, inclusive, and 15 in the fol- 
lowing list should be considered at the beginning of the 
discussion of the laboratory work. 


1. The classical analytical balance. 

2. Parts of the classical analytical balance. 

3. The chainomatic balance. Detail of the 
chainomatic device. 


4. The magnetically damped baiance. Detail of 
damping device. 

5. Determination of the resting point. 

6. Checking the weight of the rider. Weights of 


various riders in use. 

Determination of the sensibility of a balance. 
Diagram showing dependence of sensibility 
on constructional features. Table showing 
variation in sensibility with weight. 

8. A typical box of Class C brass weights with 
platinum and aluminum fractional weights. 

9. Weighing of a piece of stainless steel or other 

metal. 

10. Use of weights in order of size. 

against weights missing in box. 

11. Weighing of a powdered sample by difference 

from a weighing bottle. 

12. Determination of the relative length of the 

arms of a balance. 

13. Check of a large weight against the sum of 

smaller weights. 

14. Typical table of calibrated values of all weights 

in a box of weights. 

15. Rules for the care of the balance. 


Double check 


OTHER PRELIMINARY INSTRUCTION 
The necessity of observing certain elemental points of 
technique should be impressed upon every beginner 
in quantitative analysis. The illustration or demon- 
stration of at least items 1 to 8, inclusive, and item 15 
in the following list will help in attaining this objec- 
tive. 


1. Cleaning of a transfer pipet with chromic acid 
or preferably with alkaline detergent solution. 

2. Use of a transfer pipet. 

3. Effect of grease in a buret as shown by the 
uneven drainage of acidified water containing 
methyl red. 

4. Cleaning of a buret with alkaline detergent 
solution. Use of a buret brush. Use of a 
buret probe. 

5. Cleaning of a buret stopcock. Greasing of a 

buret stopcock. 

Method of adding part of a drop from a buret. 

Use of a meniscus reader. 

Calibration of a 50.0-ml. pipet by weighing 

the water delivered at 20° C. 
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Checking of a 250.0-ml. volumetric flask (a) 
against a 50.0-ml. pipet, (b) against a 50.0-ml. 
buret, (c) by weighing the water contained at 
20°C., (d) against a Morse-Blalock flask 
calibrator. 

10. Calibration of a 50.0-ml. buret by means of an 

Ostwald pipet. 

11. Calibration of a 50.0-ml. buret by means of a 
Morse-Blalock pipet. 

12. Automatic buret used when many titrations 
of the same kind are to be performed. 

13. Arrangement for replacement of liquid in 
storage bottle and buret with acid-free, 
carbon dioxide-free air. 

14. (a) Weight buret, (b) micro buret, (c) chamber 
buret. 

15. Method of keeping a laboratory notebook as 
illustrated by book and sample pages. 

16. The apparatus used for the fine grinding, 

mixing, and drying of large and small samples 

for quantitative analysis: 


ACIDIMETRY AND ALKALIMETRY 


When laboratory work in quantitative analysis is 
begun with volumetric analysis, the introductory ex- 
ercises are invariably chosen from acidimetry and 
alkalimetry. For this reason the demonstrations in 
acidimetry and alkalimetry should be more detailed 
and explicit. Fortunately the striking color changes 
and large variety of the indicators available aid mate- 
rially in arousing the student’s interest. In case all 
of the subjects in the following list cannot be demon- 
strated, items 2, 3 or 4, 5 or 6, 8 or 9, and 10 to 17, 
inclusive, should be regarded as the most essential. 


1. The removal of carbon dioxide from distilled 
water by aeration with CO,-free air at re- 
duced pressure. 

2. . The acid and alkaline color of various common 
indicators, including methyl orange, brom- 
phenol blue, methyl red, modified methyl red 
containing methylene blue (8), and phenol- 
phthalein. 

3. Preparation of standard approximately 0.1 NV 
hydrochloric acid from constant boiling 
hydrochloric acid. Calculation of the nor- 
mality. 

4. Preparation of standard approximately 0.1 N 
potassium acid phthalate or standard ap- 
proximately 0.1 N sulfamic acid by weight. 
Calculation of the normality. 

5. Preparation of approximately 0.1 N sodium 
hydroxide from saturated sodium hydroxide 
solution free from sodium carbonate. 

6. Preparation of approximately 0.1 N sodium 
hydroxide from fused pellets of sodium hy- 
droxide containing some sodium carbonate, 
using barium chloride or strontium chloride 
for removal of the carbonate. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
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Comparison of approximately 0.1 N sodium 
hydroxide with standard approximately 0.1 1’ 
hydrochloric acid, using phenolphthaleir. 
Calculation of the normality of the sodium 
hydroxide solution. 

Comparison of approximately 0.1 N sodium 
hydroxide with separate weighed portions cf 
potassium acid phthalate or of sulfamic acic, 
using phenolphthalein. Calculation of the 
normality of the sodium hydroxide solution. 

Comparison of approximately 0.1 N sodiuia 
hydroxide with standard approximately 0.1 .V 
hydrochloric acid, using modified methyl red 
containing methylene blue (8). Calculation 
of the normality of the sodium hydroxice 
solution. 

Removal of an aliquot portion of a solution 
of a weak acid from a 250.0-ml. flask by meaiis 
of a 50.0-ml. pipet or by means of a buret and 
titration with standard sodium hydroxice, 
using phenolphthalein as indicator. Calcu- 
lation of the per cent replaceable hydrogen 
in the solution. 

Colors obtained on mixing (a) the acid solu- 
tion of methyl red with a small amount of 
methylene blue, (b) the alkaline solution of 
methyl red with a small amount of methylene 
blue. 

Graph showing simultaneously the change in 
pH during (a) the titration of a 0.1 N weak 
acid with 0.1 N sodium hydroxide, (b) the 
titration of 0.1 N strong acid, such as hydro- 
chloric, with 0.1 NV sodium hydroxide. 

Determination of Na,O in sodium carbonate 
mixture by titration with standard hydro- 
chloric acid, using modified methyl red indi- 
cator. Calculation of the per cent Na,O in 
in the mixture. 

Determination of sodium oxide in sodium car- 
bonate mixture by titration with standard 
approximately 0.1 N hydrochloric acid, 
usitig methyl orange as indicator and a potas- 
sium acid phthalate buffer containing methyl 
orange as control. Calculation of the per 
cent Na,O. 

Effect of carbon dioxide charged water on (a) 
methyl red indicator, (6) methyl orange 
indicator. Duplication of these effects by 
means of a potassium acid phthalate buffer. 

Graph showing the change in pH during the 
titration of 0.1 N sodium carbonate with 
0.1 N HCl. 

Graph showing simultaneously the change in 
pH during (a) the titration of 0.1 NW NH,OH 
with 0.1 N HCl, (6) the titration of 0.1 .V 
NaOH with 0.1 NV HCl. 

Separate graphs showing the typical change ia 
pH during the titration of a 0.1 N solution of 
(a) a salt of a very weak acid, (0) a salt of a 
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very weak base, (c) a polybasic acid, e. g., 
phosphoric acid. 

19. Chart showing (a) definition of pH, (0) corre- 
sponding values of pH, pOH, and normality, 
the latter expressed decimally and fraction- 
ally. 

20. Chart showing formulas for calculating (qa) 
[H+] and [OH~] at the equivalence point 
in the various cases of acidimetric titra- 
tions, (b) pH at the equivalence point in the 
same cases, (c) [H+], [OH~], and pH at the 
beginning in the same cases. 

21. Chart showing the formulas for calculating (a) 
the [H+] and [OH~] of buffer mixtures, (0d) 
the corresponding pH values. 

22. Comparison of an acidimetric titration using a 
visual chemical indicator with the same titra- 
tion using a pH meter, thus illustrating the 
function of the indicator. 

23. Use of a series of standard buffer solutions for 
the determination of pH. 

24. The hydrogen electrode. The calomel elec- 
trode. 


Similar lists of suggested demonstrations and illus- 
trations have been prepared for volumetric precipita- 
tion and for volumetric oxidation and reduction. In 
the case of volumetric precipitation several of the 
different methods available for finding the end point 
should be demonstrated or illustrated. Among the 
analytical methods best adapted for this purpose are 
the following: 


1. Titration of chloride by standard silver nitrate 
using dichlorofluorescein as adsorption indi- 
cator according to Kolthoff, Lauer, and 
Sunde (9). 

2. Titration of chloride by standard silver nitrate 
using phenosafranine as indicator according 
to Fajans and Weir (4). 

3. Titration of chloride by the Mohr method of 
analysis. 

4. Titration of cyanide by standard silver nitrate 
using ammoniacal iodide indicator. 

5. Titration of silver by the Volhard method. 

6. Titration of zinc by standard ferrocyanide using 
uranyl nitrate as external indicator. 


It is recommended that curves showing the change in 
pCl or pAg during the titration and the calculation 
o: the unreacted portion at the end point be illustrated 
ili connection with 1, 2, or 3 above. The inclusion of 
an experiment illustrating the application of the solu- 
bility product principle is desirable. 

The subject of volumetric oxidation and reduction is 
oi special interest. The standardization and use of 
potassium permanganate, potassium bichromate, fer- 
rous sulfate, iodine, and sodium thiosulfate solutions 
are excellent examples for demonstration. If +time 
permits, ceric sulfate and potassium bromate may also 
be included. The best results are obtained when the 
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subject is presented from the standpoint of electro- 
chemical theory. To this end the corresponding equa- 
tions, partial (electrode) reactions, expressions for 
oxidation potential, curves showing the change 
in oxidation potential during the course of 
titration, and the methods of calculating the unreacted 
portion based on oxidation potential should be shown 
in connection with the experimental demonstration. 
The functioning of some of the more important redox 
indicators should be illustrated and explained as far as 
possible. Some illustration of the action of catalysts 
in connection with the use of the more powerful stand- 
ard oxidizing agents should be given. If time permits, 
a brief introduction to the subject of potentiometric 
titrations may be included with profit. 

On account of the fact that many of the operations of 
gravimetric analysis are relatively time-consuming, the 
actual demonstration of many important steps is not 
easily accomplished; however, by proper timing of the 
exposure or cutting of the film when a long-continued 
operation is involved, the motion picture may be used 
with marked advantage. Such difficulties are not 
encountered to as large an extent in the demonstra- 
tion of electrolytic or colorimetric methods. In these 
cases the theory, apparatus, and laboratory procedure 
are sufficiently varied so that illustration or demon- 
stration is greatly facilitated, as in the case of volu- 
metric analysis. 
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The advantages of illustration and experimental 
demonstration in quantitative analysis are many. Ina 
review of the mechanical aids available, the utiliza- 
tion of motion pictures and especially of colored films 
is strongly recommended. Many subjects for illus- 
tration and demonstration are listed in the references 
given below. 5 
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HERE are two major types of leaf pigments: 
the so-called chromoplastid pigments and the cell- 
sap pigments. The chromoplastid group includes the 
chlorophylls, the carotenes, and the xanthophylls; 
the cell-sap pigments include the anthocyans, the antho- 
cyanidins, and the flavones. It is the purpose of this 
paper to indicate the major features of the chemistry 
and physiological functions of these groups of com- 
pounds. 

The chromoplastid pigments are water-insoluble sub- 
stances found as granules in the thin layer of material 
known as cytoplasm located just within the cell walls 
of the leaf tissue. The bodies which contain the pig- 
ments may be green (the chloroplasts) or orange-red, 
red, or brownish red (the true chromoplasts). The 
chloroplasts contain the chlorophylls; since these are 
usually far more numerous than the chromoplasts 
which contain the “yellow” pigments, the leaves of 
healthy growing plants are usually green in color. It 
is the disappearance of the chloroplasts as the leaf 
ages or dies which is responsible for much of the char- 
acteristic yellowing or browning of leaves in the 
autumn. 

The green pigments, the chlorophylls, make up about 
five per cent of the chloroplasts, the balance being pro- 
tein and lipoid material. It is the chloroplast portion of 
the leaf which is responsible for the assimilation of car- 
bon dioxide and the photosynthetic conversion of 
carbon dioxide to carbohydrate material. 

The importance of chlorophyll has attracted the 
attention of investigators from the time of Berzelius 
to the present. Willstatter, Stoll, Hans Fischer, and 
Conant have made the major contributions to our 
knowledge of its chemistry and the reader is referred 
to the excellent review articles cited below for details. 
In brief, chlorophyll, which occurs to the extent of 3.2 
per cent by weight of fresh leaves (8.2 per cent, dry 
basis), is a mixture of two substances: chlorophyll a, 
CssH2OsNaMg, and chlorophyll 6b, CssHmOsNaMg; 
the average ratio of a to 6 in plants is about three to 
one. Chlorophyll a is bluish green; 5 is yellowish 
green when dissolved in organic solvents. A char- 

1 Based on an address delivered at the 232nd Meeting of the 
ets St. Paul’s School, Concord, N. H., October 27, 
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of the 


acteristic feature is the strong reddish fluorescence of 
the molecule, a property which is responsible for thie 
moonlit appearance of a landscape photograph taken 
with a deep red filter. The chlorophylls are magne- 
sium-containing molecules of a heterocyclic structure 
somewhat similar to the iron-containing blood pigment 
in that both chlorophyll and heme (of hemoglobin) are 
derivatives of porphin. Formula I gives Fischer's 


H;C—- —CH=CH, H;C— —C.H; 
H 
I Il 
C—H 


- 
- 
- 
~ 


IV | III 
HC——c—|——_cH, 
CH, CH: | 
| C=0 
CH, | 
| O—CH; 


I. Chlorophyll a 


latest structure for chlorophyll a; chlorophyll 6 differs 
from a only in that ring II has the grouping —-CHO 
in place of —CH;. The phytyl group of chlorophyll is 
worthy of special note; it is from phytol, an unsaturated 
alcohol of the allyl alcohol type, C2oH3OH. The 
phytyl radical also occurs in vitamin K;. Chlorophyll 
is very sensitive to acids, losing its magnesium and 
forming brownish products; the strong fluorescence is 
also lost in this process. 

Alcoholic extracts of leaves, after destroying the 
chlorophyll with concentrated HCl and removing the 
decomposition products, yield ether or benzene solu- 
tions which are yellow. The yellow pigments, the 


carotenes and the xanthophylls, are less abundant than 
the chlorophylls in the ratio of about one to six. Chemi- 
cally, the carotenes are highly unsaturated hydrocar- 
There are three isomeric 
carotenes, known as alpha, beta, and gamma carotenes; 
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bons of the polyene type. 
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CH; CH; 


their molecular formula is CiHss. The beta form is 
the most abundant; it is the material which gives the 
carrot its color. In pure form beta-carotene is dark 
violet; its solution in organic solvents yields the 
familiar yellow-orange color. The structural formula 
for beta-carotene is given in Formula II; it will be 
noted that it is a conjugated hydrocarbon with two 
unsaturated alicyclic rings. The structure of alpha- 
carotene is similar to that of the beta form save for the 
location of the double bond in one of the alicyclic rings. 
Beta-carotene is of major importance because of its 
relation to vitamin A (Formula III), of which it is the 


CH; 
Cc 


H.C C—CH; 
\cZ 
Hy 
Ill. Vitamin A 
precursor. The chemistry of the carotenoid pigments, 


of which there are very many occurring in animals and 
plants in addition to these leaf pigments, has been 
thoroughly investigated in the past 20 years; notable 
among the investigators have been Kuhn, Karrer, 
Staudinger, Winterstein, and Zechmeister. 

The xanthophyll content of leaves is usually about 
twice the carotene content. Structurally the xantho- 
phylls are oxygenated carotenoids containing one or 
more hydroxyl groups per molecule. Numerous 
xanthophylls have been obtained from various sources 
(egg yolk is a source of xanthophyll). Formula IV 
describes lutein, a xanthophyll related to beta-carotene; 
the molecular formula is CypH56Oc. 

The functions of the carotenes and xanthophylls are 
not fully known but it is believed that they may be 
concerned with the breathing or assimilation processes 
of the plant; apparently vigor of growth and of the 
reproductive process in plants parallels carotene con- 
tent. 

The cell-sap pigments are also of several types. 
Perhaps the most familiar is the anthocyan, or antho- 
cyanin, type found in many leaves, petals, and fruits. 
For instance, red cabbage and beets release highly 
colored, water-soluble material of the anthocyan type 


CH; CH; 


II. Beta-carotene 


| | 


IV. Lutein 


CH; 


CH; 
| | | 
L | 
C—-CH; cu,—¢ CH: 
He 


when the cells are destroyed by boiling. Chemical 
investigations, notably by Willstatter and Robinson, 
have revealed the properties and structure of many of 
these substances. They behave as indicators in their 
response to acidity, being usually red-purple in acid 
and blue-green in alkali; many leaves and petals go 
through a striking color change on this account when 
exposed to ammonia vapor. They are phenolic and 
glycosidic derivatives of the parent heterocyclic struc- 
ture, 2-phenylbenzopyrylium chloride (Formula Y). 


Cl 


V. 2-Phenylbenzopyrylium chloride 


For instance, the maple family yields a compound, 
Cs;H»OnCl, known as asterin chloride whose chemical 
name is 3-8-glucosidyleyanidin chloride; Formula VI 


Cl 


“0. OH 
\-<_Sou 
% Vj O—C.H110; 


H 
VI. Asterin chloride 
indicates that this substance is phenolic in character 
with a glucose residue. The sugar residue in antho- 
cyanins is not necessarily glucose. Such compounds 
are hydrolyzable by boiling alkali to the sugar free pig- 
ments; these are called anthocyanidins. The antho- 
cyanidins when fused with alkali yield polyhydric 
benzenes and hydroxybenzoic acids; e. g., asterin chlo- 
ride yields by such treatment phloroglucinol and 3,4- 
dihydroxybenzoic acid. 

The anthocyanins are believed to be respiratory pig- 
ments with some role in cellular oxidations and reduc- 
tions. Since flowers on high altitude plants are brighter 
in color than those on the same plants at low altitudes, 
it is thought that the anthocyanins may also serve to 
screen harmful radiation, and, by absorbing heat radia- 
tion, raise leaf temperatures. 
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The flavones are yellow, water-soluble compounds 
which are derivatives of the parent structure 2-pheny]l- 
benzopyrone (Formula VII).’ Many flavones are 


I 
O 
VII. 2-Phenylbenzopyrone 


known; they are hydroxy derivatives of the structure 
given. The hydroxyl groups may be alkylated to ether 
linkages or combined with sugar residues to form glyco- 
sidic linkages. There is some evidence to show that 
flavones are probable precursors of anthocyanins. 

In addition to the anthocyans and flavones the cell- 
sap also contains colorless materials known as leuco 
anthocyanins; under some circumstances these sub- 
stances yield the colored anthocyanins. Bancroft and 
Rutzler have investigated the relationships which exist 
among the cell-sap pigments and have developed meth- 
ods of analysis of leaf material for the various com- 
ponents. 

It is the changes in the absolute amounts and in the 
relative ratios of the various leaf pigments which ac- 
count for the annual display of fall foliage so character- 
istic of our latitudes. In spite of the fact that much 
remains to be learned of the niceties of these changes, 
botanists, plant physiologists, and biochemists have 
accumulated a considerable amount of information con- 
cerning seasonal variations in the leaves of deciduous 
plants. It is known that the growing leaf develops a 
specialized tissue known as the abscission tissue which 
gradually seals off the circulation of the leaf; this re- 
sults in a decrease of chlorophyl! production while the 
normal rate of destruction of chlorophyll continues or is 
enhanced. The result of this process is that the yellow 
pigments, present to about 0.5 per cent by weight of 
the fresh leaf and normally masked by the green pig- 
ments, are revealed along with brownish decomposition 
products. The lower temperatures of the Fall, es- 
pecially if associated with strong sunlight, seem to 
bring about an increase of anthocyanins. Thus oak 
leaves, normally with low or zero sugar content, usually 
do not develop anthocyanins to an appreciable extent 
and hence turn yellow or brown, whereas maples, which 
normally have a higher sugar content, give the most 
brilliant red colors unless situated as undergrowth— 
in which case they turn yellow rather than red. Itisa 
common observation that bright days and chilly nights 
seem to produce the maximum coloration, and that the 
isolated maples, or those on the edge of a stand of trees, 
are usually the most brilliant. That the state of health 
of the leaf is an important factor is indicated by the ap- 


pearance of rather brilliant colors (anthocyanins), even | 


in mid-summer, in leaves which have been injured by 
insect bites or by cutting of veins. Early severe frosts 
apparently destroy the capacity to produce reds and 
yellows and the result is brown leaves. It is believed 
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that in this case the flavones are affected, and this inter- 
feres with anthocyanin formation; hence the leaf never 
passes into a red stage but yellows and then browns 
fairly rapidly. As indicated above the anthocyanins 
are associated with the sugar content of the plant; 
possibly a good part of the seasonal change of color in 
plants is either the cause of, or the effect of, variations 
in the leaf sugar content accompanying the changes i: 
external temperature and sunlight to which the leaf is 
exposed. 

It may be of interest to indicate the principal meth- 
ods of leaf analysis. The plastid pigments may be ob- 
tained by extraction of leaf tissue with a mixture of 
benzene, petroleum ether, and methanol. The methz- 
nol is removed by extraction with water and the result- 
ing nonaqueous solution of plastid pigments, after 
drying, may be passed through an adsorption columa 
for chromatographic analysis. This method gives 
separable bands of the green and yellow pigments but 
does not indicate anything about the water-solubie 
materials. It is also possible to separate the com- 
ponents of the plastid pigment mixture by fractional 
extraction methods. Starting with a methanol extract 
of leaf material, Bancroft and Rutzler separate tlie 
various types of leaf pigments, of both major classes, 
by fractional extraction. 

From the above it is apparent that the subject of 
leaf pigments is one which involves a number of im- 
portant fields of study; as such it commends itself to 
teachers and students interested in botany, chemistry, 
and plant physiology. The following brief bibliography 
may be helpful in approaching the literature of the 
subject. 
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To the Editor: 


The objection you raised in your editorial in the 
January, 1946, issue to the terms “‘atomic bomb” and 
“atomic energy” is a valid one; ‘‘atomic’’ does not 
seem to be the proper word, but then neither does 
“nucleonic.”” The derivation of “electronic” from 
electron is natural and self-evident. The derivation of 
“‘nucleonic’’ from nucleus is strained, to say the least; 
the better form would be ‘‘nuclear.”’ If a word anal- 
ogous to electronics is needed—and perhaps it is—I 
would think ‘‘neutronics’” would be more suitable than 
any word derived from “‘nucleus.” Its etymological 
kinship to electronics would be obvious, and it would 
emphasize the distinctive importance of neutrons in 
auclear fission reactions. 

L. H. Cracc 


McMaster UNIVERSITY 
HAMILTON, ONTARIO 


To the Editor: 


The statement made by Prof. Fritz Feig] in the No- 
vember number of the JOURNAL OF CHEMICAL EpucA- 
‘ION (p. 559) that he has discovered the action of SO, 
on crystallized sodium carbonate is too bold. Forty- 
siX years ago, as a chemist in the Institut de Recherches 
de Malzeville, in Nancy, France, I prepared sodium 
inetabisulfite by the reaction of SO. with crystallized 
sodium carbonate. This process was but a natural 


An Airy Topic 


The sponge may have inspired foamed products, but they now 
far surpass the sponge in usefulness. Natural and synthetic 
rubber, cellulose, gelatin, resins, and glass may be foamed for 
many purposes, including those normally served by cork, fibrous 
insulation or stuffing, or papier-maché. A few foamed, or cellular, 
products are old, but new ones are becoming available and com- 
mercial interest is growing. 

Most cellular materials are made by incorporating in a fluid 
imix a chemical which releases gas, just as baking powder raises 
cake by releasing carbon dioxide. Indeed, compounds similar 
to baking powder are often used. After the fluid mix is raised, 
the material is solidified by heating, cooling, or chemical action. 
In other processes, the base may be whipped up to incorporate air, 
or a volatile liquid may be dissolved in the mix or dispersed 
throughout it and subsequently driven off by heat. In one 
process of foaming, ice crystals evaporate, leaving air cells in the 
material. 

The properties of a foamed product depend in part on whether 
tie cells are individual or interconnecting. Controlled release 
cf gas is employed in making individual cells. More violent gas 
release or physical working ruptures the cell walls and creates 

iiterconnections. If the product is to be absorbent the cells 
niust be interconnected, as in a sponge. Foam rubber for mat- 
tresses and furniture also has interconnecting cells to allow 
“breathing” to ventilate the surface and carry away hot moist 
air. In cork substitutes, which should be impervious to liquids 
and gases to serve as floats or insulation, the cells must be indi- 
vidual. 

Foamed rubber mattresses and pads were coming into use 
}rewar. It is now expected that foamed rubber will give furni- 
ture designers new freedom in styling, since it eliminates padding 
and springs and the problem of supporting them and can be 
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result of the fact that we were also preparing pharma- 
ceutical sodium bicarbonate in those days by the 
analogous reaction of CO, with crystalline sodium 
carbonate. 

This process, and others for metabisulfite, were not 
original with us, for they could be found in the chemical 
literature of those days, especially in the 12th edition 
of Troost, ““Traite de Chimie’ (Paris, 1892, p. 500). 
The process for the industrial production of sodium 
metabisulfite is given in Sorel, ‘‘La Grande Industrie 
Chimique,” v. 2, p. 65, Paris, 1901. The same is to 
be found in Moissan’s ‘‘Chimie Minerale,” v. 3, p. 330, 
1904, who says, ‘‘Ce sel (metasulfite) se forme chaque 
fois qu’on tratte par us exces de gaz sulfureux le carbonate 
de soude cristalisé.” 


There can be no doubt about the very old use of the 
reaction in question. 


M.-Emm Pozzi-Escot 


NATIONAL ACADEMY OF SCIENCES 
Lima, PERU 


To the Editor: 


I wish to thank Dr. Pozzi-Escot for his indication of 
the literature regarding the action of SO, on crystallized 
sodium carbonate. It rectifies an erroneous statement 
which I have made. 


FRITZ FEIGL 
Rio DE JANEIRO, BRAZIL 


molded to any shape. 
from many limitations. 

Insulating a, ainst heat is essentially a problem of holding the 
air still so that it does not carry heat from one side to the other 
of the double wall containing the insulation. Porous products 
allowing no air flow do this job well and the lighter they are, the 
better, so long as sufficient structural strength is maintained, 
since the contained air is itself the best insulating material. 

Several synthetic resins have been foamed. One replaces 
rubber latex foam where fire resistance is a factor. Another, a 
war product, will appear as insulation. Ata density of seven 
pounds per cubic foot, this product is rigid and will support con- 
siderable weight; it can be safely used at temperatures up to 
400° F. Foamed cellulose acetate plastic is the “filling” of an 
experimental plywood sandwich wall panel. Foamed styrene 
resin is available in limited quantities as white blocks, reportedly 
more buoyant and water resistant than cork and about as ex- 
pensive. Although the material weighs less than two pounds per 
cubic foot and is 97 per cent air, it has a compressive strength of 
20 pounds per square inch. It is said to be durable and is used 
for buoyancy applications, in locker plants, cold rooms, refrigera- 
tor truck and car insulation, in wall panels, and as a light, easily 
worked material for display designs. 

Production of glass foam, already a familiar insulator, has in- 
creased rapidly during the war. This dark, rigid cellular material 
has reportedly been improved to a porosity of ten million cells 
per cubic foot for greater insulating value. 

Many foamed products cost as much as their natural com- 
petitors, because of the exacting production processes, even 
though the material cost is low. As production is further de- 
veloped, cost may be reduced.—Reprinted from the Industrial 
Bulletin of Arthur D. Little, Inc. (January, 1946). 


Thus ‘‘upholstered’’ furniture is freed 
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ILASTIC-COATED glass bottles, developed by General 
Motors Corporation, can break without leaking. 

Manufacturers, processors, testers, and users of synthetic 
rubber throughout the country agree that synthetic rubber has 
permanently established itself as an essential new raw material. 

Quality carbon paper is dependent upon carnauba waxes 
which permit the black coating to release in a straight, sharp 
fracture, making many legible copies possible. 

DDT offers little or no protection against the chigger, the 
heel fly, the poultry mite, the screw worm, and many other less 
common insects. 

Riboflavin deficiency, according to recent studies by Drs. 
Tom Spies, W. B. Bean, and W. F. Ashe, contributes to eye 
trouble. 

One of the best mosquito repellents consists of a mixture of 
six parts of dimethyl phthalate, two parts of indalone, and two 
parts of 2-ethyl-1,3-hexanediol. 

Cold wave preparations contain chemicals such as ammonium 
thioglycollate, sodium sulfide, or $-hydroxyethyl mercaptan, 
which are believed to split certain proteins of the hair. 

The official umpire or referee of tomorrow may be an ever- 
accurate electric eye. 

Streptomycin penicillate, according to Dr. Waksman, the 
discoverer of streptomycin, may be prepared and may prove 
to be an important medicinal. 

Infrared headlights to prevent glare may become standard 
automobile equipment. 

According to Monsanto Magazine, if one pair of ordinary house- 
flies beginning in April multiplied unmolested, and if all were to 
live, their progeny would be 191,010,000,000,000,000,000 flies 
by August. Allowing one-eighth cubic inch to a fly, this number 
would cover the earth 47 feet deep. 

A new wool-like fabric, made principally from chicken feathers, 
and designed for use in dresses, suits, sweaters, and other wearing 
apparel, is a development of the U. S. Rubber Company. 

Vitamin D in large excess, according to Dr. Jere M. Bauer of 
the University of Michigan Hospital, may be harmful and should 

be taken only under the direction of a physician. 
Vacuum treatment of certain cut flowers and plants will keep 


INTRODUCTION TO ORGANIC CHEMISTRY. Alexander Lowy and 
Benjamin Harrow. Sixth Edition. Revised by Benjamin 
Harrow, Professor of Chemistry, and Percy M. Apfelbaum, 
Assistant Professor of Chemistry, City College, The College 
of the City of New York. John Wiley and Sons, Inc., New 
York, 1945. xiv 448 pp. 14 X 22cm. $3.50. 
Something new has been added to Lowy and Harrow’s popular 

introductory text—among other things, a new collaborator, ap- 
proximately 50 pages of text, a table of atomic weights, references 
to DDT, penicillin, and silicones, and, incidentally, 50 cents to 
the price. Something has been taken away also—the warm 
guiding influence of the senior author, to whom this Sixth Edi- 
tion has been dedicated, and a little of his informal, almost con- 
versational, style. The wide margins, the fine paper which helped 
make the earlier editions so attractive physically, and a full third 
of the weight. (despite the increase in number of pages) have also 
disappeared.» 

The book has been thoroughly revised, strengthened, and 
modernized. It is obvious that pains have been taken to incor- 
porate recent developments, both theoretical and applied. 
Hardly a page or a paragraph has been left unchanged, even if 
only to improve the phraseology or make it clearer. Neverthe- 
less, the simple, informal, readable style and the numerous struc- 
tural formulas characteristic of the earlier editions have been 
largely retained. The greatly increased emphasis on the use of 
the electron concept of valence and the role of resonance is es- 
pecially noteworthy. The extensive list of reference works 
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them fresh and unwilted much longer than usual according to 
Hammer, Carlson, and Tukey of the New York Siate Agricultural 
Experiment Station. 

Synthetic butter has been made from coal, according to the 
probe made into Germany’s scientific war secrets. 

An electrical instrument, developed at the Battelle Memorial 
Institute, is so sensitive that it can measure movements or 
changes in position as small as one-ten-millionth of an inch. 

The blanching of fruits and vegetables by electronics is in 
the offering as a means of conserving nutritive values, according 
to the State Experiment Station of New York. 

The annual production of caffeine is about 1,000,000 pounds. 

The use of luminous paint on the ceiling, floor, and walls of an 
operating room eliminate shadows from the surgeon’s hands and 
instruments. 

From Chemical and Engineering News we learn that “The 
San Diego Naval Training Center’s sanitation and preventive 
medicine staff reports that mixing penicillin with ice cream makes 
possible its administration by mouth instead of through the usual 
hypodermic injections.’’ The treatment is effective for strepto- 
coccus throat infections, scarlet fever, trench mouth, gingivitis 
(inflammation of the gums), stomatitis (inflammation of the 
mouth), and acute or subacute tonsillitis. How will you have 
your penicillin—with a sundae or a banana split? 

Vinyl chloride capes, footwear, and other protective garments 
are in production in Russia. 

A 150-mile pipe line is to supply Estonian gas from shale for 
the factories of Leningrad. 

A three-room “apartment-of-tomorrow” dream suite featuring 
Crystallite, designed by Rohm and Haas Company, is to be shown 
on a nation-wide tour of department stores and architectural 
centers. 

The penicillins are believed to have the formula: 


R-CO-NH-HC———CH” 
Oo=C CH-CO-ONa 


— Ep. F. DEGERING 


(eight pages) has been revised and rearranged to make it more 
useful. The index has been materially enlarged. The “ques- 
tions’? at the end of most chapters have been revised and some, 
especially the type beginning with “discuss the subject of” 
have been eliminated. The list of Latin and Greek roots in 
chemical terminology has also been eliminated. 

A few generally obvious typographical errors were noted. 

The new edition should maintain the important position of 
“Lowy and Harrow” as a standard text for a two-semester intro- 
ductory course in organic chemistry. 
L. A. GoLDBLATT 


UNITED STATES DEPARTMENT OF AGRICULTURE 
New ORLEANS, LOUISIANA 


RECENT ADVANCES IN THE CHEMISTRY AND BIOLOGY OF SEA 
Water. H. W. Harvey. Cambridge University Press, Lon- 
don; Macmillan Company, New York, 1945. viii + 164 pp. 
29 figs. 16 tables. 13.5 X 22cm. $2.75. 

Chemistry reaches into strange places, and when one stops to 
think that the majority of the earth’s surface is covered by the 
sea, and that the majority of the living creatures have their 
home there, it is not surprising that there is plenty of oppor- 
tunity for the chemist to ply his art in the oceans. A whole 
world exists there, largely unknown to us above, in which life 
goes on and chemical changes take place, but after all in much 
the same fashion as in the terrestrial world. 

The earlier work of the author, ‘“The Biological Chemistry 
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and Physics of Sea Water,’”’ has long been a standard source of 
information in this field to which the author has contributed so 
much himself. The present volume supplements, rather than 
supplants this. On the other hand, it is complete in itself and 
does not require previous preparation. The fact that it reviews 
and correlates much original research in this field does not keep 
it from being good reading. 
N. W. R. 


ADVANCING FRONTS IN CHEMISTRY, HIGH POLYMERS, Volume I. 
Edited by Sumner B. Twiss, Department of Chemistry, 
Wayne University. Reinhold Publishing Corporation, New 
York, 1945. 196 pp. 73 figs. 15 X 23.5 cm. $4.00. 


Everyoge is familiar with those little leather corner book- 
marks, one of which bears the legend ‘‘Here is where I fell asleep.” 
If a reader takes that sentiment literally, he should not try to read 
this book because it is packed so full of such good and interesting 
information that he would be lost unless he kept both eyes wide 
open all the time. 

“High Polymers” is Volume I of ‘‘A series of lectures sponsored 
by Wayne University under the direction of Neil E. Gordon, 
Chairman of the Department of Chemistry.” It is similar to 
the familiar series of ‘‘Frontiers in Chemistry,” at Western Re- 
serve University, and two or three of the authors are contributors 
to both series. The contributors to this volume are as follows: 
W. O. Baker, John D. Ferry, Milton Harris, S. S. Kistler, H. 
Mark, Frank R. Mayo, Emil Ott, E. C. Pitzer, Charles C. Price, 
and Walter H. Stockmayer. 

A few quotations from the preface aptly describe the back- 
ground of the series followed by the sponsor and the editor. 
“In a field of such rapid development as High Polymers there is a 
special need for the correlation of recent and diverse experimental 
information.... This series of lectures is, therefore, an attempt 
at such a correlation, presenting as it does the unified concepts of 
certain phases of the polymerization problems as they are under- 
stood and interpreted by various experts in the field.” 

The first three chapters contain material ‘‘which seems ele- 
mentary,” but ‘‘it must be remembered that for many this is 
the starting point for the study of high polymers.” There 
follow chapters giving ‘‘a review of the direct and indirect 
evidence for the free radical mechanism of addition polymeriza- 
tion, a discussion of the importance of chain length and size dis- 
tribution, . . . an account of the methods by which the distribu- 
tion is controlled and the resulting effect on a group of representa- 
tive high polymers (cellulose derivatives), . . . a study of the 
geometry of long-chain molecules and the effect of intermolecular 
forces as illuminated by X-ray diffraction studies,” the problem 
of the “‘mechanical properties of concentrated solutions of high 
polymers,” and ‘‘a presentation of the ultimately practical work 
which has been accomplished with the natural polymers—silk, 
cotton, and wool.” 

Most of the chapters are short, but the one on the nature of the 
solid state consists of almost fifty pages and includes some 
beautiful pictures of X-ray diffraction patterns and many ex- 
cellent charts and graphs. 

The authors frequently point out the loopholes in the theories 
end ask many unanswered questions. The discussions show how 
tapidly the work in this general subject is growing and the 
urgent need for more data. From the nature of the work some 
cverlapping is expected but it is really very little. 

There are some interesting and well-put statements, some of 
which are worth quoting. ‘If several molecules that are ap- 
proximately parallel come close enough together to crystallize 
i1 one small region, the fact that they have been pulled together 
i1 this spot will make it easier for neighboring portions of these 
1olecules to snap into the crystal structure; thus we may have 
the crystallite growing along the axis of these molecules by a 
‘zipper effect’ which contributes to the orientation” (p. 17). 
‘ As is usually the case, practical knowledge of the process has far 
cutstripped a fundamental understanding of the theoretical 
«spects” (p. 37). “In the majority of cases the existence of 
lranching in a high polymer has not been demonstrated con- 
clusively by physical or chemical means, being adduced only in 
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order to explain qualitatively the variations in properties men- 
tioned above (intrinsic viscosity and osmotic behavior)” (p. 62). 

Here is a gem: ‘To be able to preconceive the properties of 
a high polymer, knowing the chemical composition and structure 
of the monomer, is an aspiration both worthy and useful. Those 
who seek this faculty, a present-day Philosopher’s Stone, have 
not attained it yet, but the search and study richly reward man- 
kind. For even beyond the vast commerce of textiles, rubber, 
and plastics, there is that realm wherein high polymers—proteins, 
starch, cellulose—are the tissue and substance of life.” (p. 106). 

The book is apparently free from typographical errors. On 
pages 20 and 21, vinyl acetate and vinyl chloride are used when 
the polyvinyl compounds are meant. The reviewer doubts (p. 
22) that resilient rubber ‘‘is about five times as strong as the 
completely cross-linked ebonite.”” On page 26, ‘‘benzene and 
toluene” are spoken of as “unsaturated compounds,” and on 
page 27, ‘‘alcohol’’ is used where ‘‘glycol’’ would be more definite. 
The following statement (p. 29) is open to question: ‘‘Since 
benzene can be alkylated to styrene and cyclohexane can be 
cracked to butadiene, either hydrocarbon can serve as a raw 
material for two distinct types of synthetic rubber.” 

Each chapter is preceded by a photograph, a biographical 
sketch, and a statement of the scientific interests of the author, 
and a summary of the topics discussed, and is followed by a list 
of references. There is an excellent subject index. 

The reviewer would like to say more, but then he is only the 
reviewer. 

Harry L. FISHER 


U. S. InpusTRIAL CHEMICALS, INC. 
StTamForD, CONNECTICUT 


AToMIC ENERGY IN WaR AND Peace. Gessner G. Hawley, 
Technical Editor, Reinhold Publishing Corporation, and 
Sigmund W. Leifson, Department of Physics, University of 
Nevada. Reinhold Publishing Corporation, New York, 1945. 
x +211 pp. 35 figs. 18 X 19.5cm. $2.50. 

There is a good old saying to the effect that you can’t eat your 
cake and have it too, and no doubt the same holds true for books 
that try to do too many things at the same time. 

Here is one that tries to take the green, cold reader and in a few 
brief chapters put him through such a course in chemistry and 
physics that he can intelligently follow a good, stiff discussion of 
nucleonics; and it very nearly succeeds. 

It might be better, however, if the reader did not attempt to 
read it until he has established his elementary background in 


‘physics and chemistry and then start in about halfway through 


the book, where it gets down to the real business at hand. 
Thenceforth he will appreciate that he is reading something 
pretty good on this subject which seems to be agitating every- 
body. 

For without being impossibly technical, this is about as good a 
treatment of the subject as the reviewer has seen. One gets the 
impression that he is not merely skimming the surface but is 
being carried somewhat below. There are thought-provoking 
sections which one wants to stop and mull over. For the first 
time (to the reviewer’s knowledge) the hush-hush question of the 
size of the “critical mass’’ has been brought out into the open 
and its magnitude stated as about two kilograms. 

As has been pointed out, one of the most valuable results of 
the researches in nuclear disintegration is their vindication 
of one of Einstein’s most valuable hypotheses. As we become 
accustomed to this, further investigations may soon make us as 
readily conscious of the curved nature of space as we are that the 
earth is round. New vistas in our thinking may open up. 

N. W. R. 


THEORY AND PROBLEMS FOR STUDENTS OF COLLEGE CHEMISTRY, 
Daniel Schaum. Edited and Revised by Henry Mouquin, 
New York University, and William J. Wiswesser, Cooper 
Union Institute of Technology, with numerous problems by 
the late Francis J. Pond, Stevens Institute of Technology. 
Second Edition. Schaum Publishing Company, New York, 
1945. 145 pp. 27.5 X 23.5cm. $1.25. 

This eminently satisfactory problem syllabus covers the follow- 
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ing subjects in thissequence: measurements, density and specific 
gtavity, temperature measurements, measurements of gases, 
molecular weights, gram atoms and mols, formulas, composition 
calculations, calculations from chemical equations, equivalent 
weight and valence, oxidation-reduction equations, ideal solu- 
tions, concentration of solutions, normal solutions, chemical 
equilibrium, ionic equilibrium, solubility product, heat, and 
finally electrochemistry. In the appendix are discussed sig- 
nificant figures, exponents, and logarithms. 

The theory of each topic is explained and illustrated by com- 
pletely solved problems, 257 in all. In addition there are 314 
unsolved problems with answers. Quoting the preface, ‘‘This 
book is in no way a condensation of ordinary text material; it is 
intended to be a very comprehensive problem book.” 

No one will be completely satisfied with a book of this sort 
since it cannot conform to the prejudices of all. Compared with 
many problem outlines which have appeared, however, this 
compilation comes closer than most to meeting the demands of 
writers in THIS JOURNAL who have spoken for the introduction 
of modern concepts and terminology. There is the common- 
sense approach to problems (‘‘Why solve for X?’’), some use 
of English units, and solution of problems by ‘‘factor-label’”’ 
methods. But even the present syllabus has not gone far enough 
in any one of these directions to satisfy the most enthusiastic 
prophet or disciple. For example, the method of balancing oxi- 
dation-reduction equations (a topic of concern to a large number 
of those who have written letters to the Editor, or at least got 
them printed) follows the old valence change method admired 
most in the secondary schools. In the use of English units, 
pound-mols are used, but the Rankin temperature scale is 
avoided. Terms like polyprotic and activity are explained and 
used, but the reason for not using H;O* is given as, ‘“The H;0* 
practice is too apt to obscure the important fact that all sub- 
stances when dissolved in water are extensively hydrated.” 
Thus, like all of us in the period of transition in terminology and 
theory, the authors are not always self-consistent. But these 
lapses are more than compensated for by the honest effort made 
to give the average student a first-rate guidebook for navigation 
through the shoals of chemical arithmetic. 

LAURENCE S. FOSTER 


WATERTOWN ARSENAL 
WATERTOWN, MASSACHUSETTS 


BIOENERGETICS AND GRowTH. Samuel Brody, University of 
Missouri. Reinhold Publishing Corporation, New York, 1945. 
xii + 1023 pp. figs. tables. 15 X 23.5cem. $8.50. 

“The primary purpose of this book is to present quantitative 
analyses of metabolic processes of the organism as a whole in 
relation to the energetic efficiency of agriculturally productive 
transformations” (p. 100). It “‘presents an integration of the 
results of the researches sponsored by the Herman Frasch 
Foundation for Research in Agricultural Chemistry at the 
Missouri Agricultural Experiment Station” (p: iii). These 
researches have to do primarily with the energy relationships 
involved in the production of meat, milk, eggs, and muscular 
work in agricultural practice. 

The author has done much more than summarize this ma- 
terial. In orienting his researches in the general field of the bio- 
logical sciences, he has used his own point of view as a theme on 
which to synthesize and integrate a bewildering array of scientific 
knowledge. This makes the book a usefil source of ideas on 
many subjects. 

It would be impossible to summarize the contents of the book. 
Some of the sections that were particularly pleasing to this 
reviewer may serve to indicate the breadth of subject matter 
covered: The second law of thermodynamics (p. 14), specific 
dynamic action (p. 59), oxidation-reduction potentials and 
biologic oxidation (p. 104), hormones (Chapter 7), mass action 
and growth (p. 514), physical versus physiological clocks (p. 
712). 

The book is lavishly supplied with tables and graphs to present 
the factual material upon which the discussions are based. The 
bibliography of hundreds of titles is conveniently located at the 
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bottom of each page and indexed at the end in an author index. 
The author has shown himself to have complete command of 


the vast amount of varied material. The book should be an 
indispensable reference work for all who are interested in the 
general problems of biology as well as in its applications to 


agriculture. 
J. WALTER WILSON 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


Catatytic Cuemistry. Henry William Lohse, Consulting 
Chemist. Chemical Publishing Company, Inc., Brooklyn, 
1945. i + 471 + xiv pp. 30 figs. 134 tables and charts. 
14 X 22cm. $8.50. 

In his preface, Dr. Lohse states that it is his purpose to give 
“a brief factual presentation of the underlying principles of 
catalytic phenomena, and the application of catalytic reactions 
in industrial processing.”” His book attains this goal to a sur- 
prising degree, considering the many difficulties of covering a sub- 
ject which has so many ramifications and which is advancing sc 
rapidly. It presents a simple descriptive survey of catalysis. 
and should be easily understandable to all chemists, in addition 
to serving as a valuable reference guide to specialists in this field. 

The book is divided into five chapters, the first of which gives 
a brief review of the history of catalytic chemistry. The seconc 
chapter presents a review of catalytic theory, which is usefui 
primarily in familiarizing the reader with various phenomena 
and definitions of terms used in the field of catalytic chemistry. 
Particular emphasis is given to the following subjects: the effect 
of impurites in catalysts, kinetics encountered in catalytic re- 
actions, and sorption phenomena in catalytic reactions. The 
third chapter discusses the catalytic effects of the different ele- 
ments according to their groupings in the periodic table. The 
fourth chapter discusses catalytic reactions according to 15 
definite classifications, such as oxidation, dehydrogenation, de- 
hydration, etc. The last chapter presents a brief description of 
many catalytic processes which are used in industry. 

The reviewer feels that the strongest point of the book is the 
fact that it brings together, in a single volume, a review of the 
catalytic aspects of several different subjects, which are usually 
treated in separate volumes. Such fields as adsorption, surface 
reactions, catalytic properties, reaction types, and industrial 
chemistry are discussed from the viewpoint of their relation to 
catalytic chemistry. The book is a valuable reference guide in 
these fields. 

Possibly the weakest point of the book is the fact that the 
author has in many cases presented references without evaluating 
them. Especially in the case of patent references is it difficult for 
one to decide from the text what constitutes the best catalyst for 
a given reaction. Such information along with a description of 
the preparation of the catalyst would be very useful. It is sug- 
gested that the additional space required for such descriptions 
might be provided by eliminating from the text some of the flow 
plans and pictures of industrial equipment and the materia! 
on spectroscopic methods of analyzing organic compounds. 

The reader of the book may find it difficult in some places to 
decide on the relative importance of some of the processes de- 
scribed. For example, in the chapter on industrial reactions, 
catalytic cracking is described only in subsections under the 

sections on polymerization and high pressure hydrogenation 
cracking. Under the subject of isomerization, the important 
vapor phase process using the Isocel type of catalyst is not dis- 
cussed. A process for making triptane is described in this 
chapter, although it has only been used in pilot plant equipment. 
A number of minor typographical errors exist in the text and it is 
hoped that these will be corrected before the second printing. 

It is intended that the above criticisms should be considered 
of minor importance compared to the over-all commendation 0’ 
the book. Dr. Lohse has done a real service for catalytic chem 


ists to whom his book will be very useful. 
K. K. KEARBY 


STANDARD Or. DEVELOPMENT COMPANY 
LinpDEN, NEw JERSEY 


‘ 
Al 
J. 
P. 
; 
M 
| 
4 
q 


